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Preface 


In the Rnt edition of Coafcrrodon of A’atiiraf Raourecs, pihlL^hed in 1950, 1, taking 
the bacinvard look, observed that "As the pioneers took possession of the continont 
they \vcre first overwhelmed by abundance. Great forests stood in the way of the 
farmer who would cultivate tlie land. In the nvers and the adjacent seas fish and other 
seafoods were available in great (luantitles. The espansive prairies of midland America 
were among the most productive in the world. Ihc mineral treasures beneath the 
surface were largely unknown when the outer frontiers of the riatSon were first cstal> 
Ushed. To possess land and bring it under cultivation meant the destruction of a 
great forest resource. Wasteful exploitation was condoned In the midst of such 
abundance." 

By the end of the nineteenth century It was becoming evident that economic 
dei'elopment had as a consequence the destructive utilization of a nch heritage The 
forest resources Iiad been depleted. The farmlands were dedining in productivity 
because of soil depletion and erosion. The need for conservation was becoming dear 
to learned men sudi as George P. Maryland CharlesR. Van fliseand topubheoHidais 
stidi as Gilford Plnchot and Tlieodsrc Roosei'dt. TTie latter were in positions to do 
something about the svastage of resources It was in the administration of President 
Roosevelt that etteiwive areas of forest lands were set aside or withdrawn from entry 
and in time became the National Forests 

In the preface of the fint edition I wrote that "Mbrld Wkr I and the high production 
of die I920’s made heavy demands on the resource base to meet the needs of the 
mass-production economy. Immediately thereafter the dofficull times of the I930‘5 
brought on a soiJ-searching inqiury into the causes and consequences of the economic 
prostration which had overwhelmed the country and involved much of the world.” 
New leaders appeared on the scene. Hugh Hammond Bennett became the patron 
saint of the soil coaservalionists. FranJdin D. Roosevelt when he became President 
called for an inventory of the nation’s resources and urgnl the Congress and the peo- 
ple to search for ways to overcome the eSecls of the depression. 
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Vorld \\’ar II. fought to achieve a victory over tj-ranoy, made a heavy drain on the 
nuterial and human resources of the nation. Many people became concerned, even 
alarmed, at the enormous loss of life and treasure attributable to the war. Before the 
full impact of the war on the resource situation could be assessed, the nation was called 
upon to pledge its material wealth and technological strength in the rebuilding of 
western Europe. On June 5. Iftt", General George C. Marshall, then Secretary of 
Slate, in an address delivered before an audience at Harvard University urg^ that 
the United States contribute economic and finaixdal aid to free Europe. The Congress 
responded to this request and appropriated 12 billion dollars of .^farshaO Plan aid to 
be expended over a period of ihm and one-half years. 

In the preface of the second edition (1958) I noted "That many people in this coun- 
try became fearful that so much foreign aid would make a heavy drain upon the 
resources of the nation. Their fears were aOaved somewhat by the issue in 1947 of 
J. A. Krug's .Yational Beioufcea and Ftwign AleL a report of the Secretary of the 
Interior." The material resources had been used to pve great strength to the nation 
and its allies during the war, and their continued use was necessary to accomplish 
the role of pcJitica] and economic leadership which had become the responsibiht>' 
of the Unil^ Slates. 

Mid-centuiy concern about the resource situation has been replaced in the I960’s 
by a more optimistic outlook. Many people cannot escape the conviction that the fund 
resources wiQ in time be depleted, diminished in quantity, and in some instances be 
exhausted or destroyed. However, in spite of a number of unfavorable trends in 
resource use. the nation with its great wealth, its technological capacity, and man- 
agerial skills can continue to prosper and provide the basic necessities for comfortable 
and gractoas bving. The pcJlutioo of streams and lakes can be stopped. The airwe 
breathe can he improved in quality by reducing the wastes that are discharged into the 
atmosphore. By the time tlie petioleiun reserves are greatly diminished other liquid 
fuels will be availaWe in quantity and at a price the people can afford. In the fifteen 
VTsrs since the puUication of the first edition of this bmk increasing emphasis is being 
placed on research and the resourcefulness of man In meeting his needs. Modem 
science in the hands of an educated poputace can defer for decades, perhaps centimes, 
tlie eventual destruction of the resource l>ase. This does not mean that blind optimism 
can l<e sulistitiited for a perceptive approach to the numerous problems in tlic general 
area of conservation that have engaged the attention of many people and orgamza- 
tmm for rnost of the tw-entlcth century. 



Contents 


Part One 

1 Conservation in The United Slates 
HorckI A/. Rose 
Z The Pubfic Domain 
Sfe 7 )hen S. Vfjher 

3 Economics and Conservation \y/' 

Harold II. McCarty 

Pari Two 

4 The Great Soil Groups and Their Utilization 
Louis A. Wol/anger 

5 Sod Conservation\^ 

WHiflin A. flocfefc 

6 Irrigation in The United States 
}}. Bowman Haielces 

7 Reclamation of AVet and Overflow Lands 
Lotcfy B. Karnes 

8 Grassland Resources 

The late Herbert C. Hanson and Wamn C Wtiwwn 

9 The Land We Possess 
Gwj-Harold Smith 



X 

Contenfi 

Part Tliroc 

197 

10 Our Forest Resources 

109 

O/ii-er 0. DiUer 


11 The Practice of Forest Conservation 

215 

0/iccr D. Differ 


Part Four 

233 

12 ^\'ater Supply for Domestic and Inclastrial Uses 

2^ 

John il. Garland 


13 \\’atcr Pow er and Its Consers'atlon 

251 

Guij’llanhi Smith 


14 Waterway's and Their Utilization 

273 

Edidn J. Fosettf and Cuij-llawlJ Smith 


15 Floods and Flood Control 

297 

Cny'HoroId Smith 


Part Fire 

32S 

16 Conservation of Mineral Resources \ 

327 

Cuy-llarvld Smith 


17 The Mineral Fuels 

351 

E. WWard Miller 


Part Six 

3B9 

18 Conservation of Wildlife 

391 

CluiTles A. Dartdxich 


19 Fisheries for the Future 

415 

Hoa.'ord H. Martin 


Part Seven 

439 

20 Recreational Resources 

441 

l/arion Claicson 


21 The Conservation of Man \ / 

461 

Lawrence A. Hoffman ^ 




Content! 


477 



479 

493 

517 





HAROLD M. ROSE* 

Unkmity of ^'Isconsin-MHwatikee 


CHAPTER 1 

Conservation in the United States 


Security, an element which is sought by all men, 
be it social, economic, physical or spiritual, b 
not always assured wit^ ihe time spectrum 
that an hidivldual at group actually occupies 
an area or can envision its occupation by their 
progeny. In the absence, or a threat to the 
existence, ol security, men have been led to 
engage in activity that would result in its initia- 
tion or restondon. This type of behavior ebarao* 
terized primitive man, as well as modern man, 
although the phiIoso(J)icaI and operational 
armaments have varied through the ages. One 
concept which has grown up in the United 
Stales os a means of eliminating the tnsecunty 
surrounding the nation’s ability to support itself, 
now and In the future, and at some predeter- 
mined level, is the conservation philosophy. 

Conservation, as a fomial philosophy, is as 
much American os Jeffersoniaij Democracy, and 
at times has proved tobeno more flexible. Mud* 
difSculty has been encountered in attempts to 
assign to conservation formal definirions. Muth 
of the difGculty can be attributed to ovcnlmj^i- 
Ecalion. limited focus, and narrowness of scope. 
DiSiciilfies of definition frefpientJy arise when 
people attempt to move from the philosophical 
to the operational level and therefore should 
be anticipated. 


NATIONAL DEAXLOPMENT AND THE 
PRE-CONSERVATION ERA 
Land, i/ie IToifc /teioiirre. The basic factor 
underlying the nation’s successful development 
in so short a period of time was the availability 
of an extensive quasUty of land and the ease 
with which land could be secured byindividuais 
for development. The land factor and all its 
productive powers, which are commonly re- 
fened to as natural resources, thus represented 
the natfort’s potential for development. 

Once the Appalachian barrier had been pene- 
trated. the frontier svas siviftly and continuously 
pushed westward until the nation’s land was in- 
habited by Americans from the Atlantic to the 
Pacific. D^ng settlement there svas mudi evi- 
dence of land-use mismanagement, which gave 
rise to the subsequent threat of scarcity and the 
despohabon of facets of nature’s bounty, two 
fedoR which were later to ^ve rise to dualisms 
in conservation philosophy. The dualisms which 
were later to create persistent conflicts in con- 

*Protc«ior Row wcccods Ptotisor AUnd }. Weight »ba 
died on lanoory 14, 19M. M the author of IhU ch«i>lrr. 
Ahhoujh the trttiul nutRlal diffm in oi«ny w»y« from 
RredoMK Wright's worh. Professor Rose whiles to oehnonl. 

Um IflSucsicc of Professor SVnght xo the development 
cf ftn tnlerert tn conservition. 

3 
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servation ideology were related to the Directives 
that natural resources were thought to satisfy. 
Very early in the twentieth century there 
evolved one group of conservationists who pro- 
moted natural resource development or use and 
another group who promoted preservation or 
nonuse. These l)asic value differences that have 
lieen assi^ed to natural resources have been 
passed on through time. 

By the time of the transcendentalisl writers, 
Ralph tValdo Emerson and Henry David 
Thoreau, the frontier had been pushed to the 
base of the Rockies and mountain men were 
paving the way for settlement beyond the 
mountains. ^ These writers did much to focus 
attention on the man-nature relationship * and 
their influence on both the ethical and aesthetic 
school of coaservalion thought has been perva- 
sive. 

Early Conamationiu Thought. George P. 
Marsh Is often considered the principal fore- 
runner of the modem consers'ationist in the 
United States. Marsh, a naturalist, poUtidan, 
and government servant, had the opportunity to 
observe man's relationship with nature in both 
Europe and the Middle East, areas of long settle- 
ment. He concluded that the abuse that was 
evident on these continents would soon prevail 
in America if some attempts were not made to 
study the man-nature relationship. Marsh’s 
thesis was that "man disrupts the fundamental 
harmony or balance of nature.” 3 This thinking 
led to the eventual rise of the ecolo^cal philoso- 
phy of conservabon. Marsh has been referred to 
as the "fountainhead of the conservation move- 
ment,”* even though conservation as a formal 
movement did not get under way before his 

Legislatiro Action and ^faturaJ-Resource 
Management. By the close of the Civil War, 
the nation had acquired the entue temtoiy 

VRjy A]]«a Babji^on, The Far UVafrm Fronll^, IS3IF. 
I8S0, N«w York. 1902, pp. 41^ 

s Arthur A. Eliirch, Jr., Man and Sahire in Am«nc^ ISn* 
York, 1963, pp. 47-69. 

’ilrfi, p. 75. 

* Quoted by Stevut L. L' daTI, Ihe Quiel CnrB<,Kcwkoric, 
1963, p 94. 


lhat now constitutes the forty-eight contig- 
uous states. The Homestead Act of 1862 had 
been passed to accelerate settlement on this 
newly acquired land. Witliin the nest 30 years 
frontier conditions were steadily pushed west- 
ward. until at last more than just a series of 
isolated settlements eristed west to the shores 
of the Pacific. It was among this generation lhat 
the nation's future conservation leaders were to 
ori^nate, both nabve bom Americans and per- 
sons of European origin whose training in re- 
source management prepared them well for the 
task ahead. These men observed with great 
clanty the problems that had evolved out of the 
passing of the frontier and their possible effects 
on the future of the nation's development. 

It was during this latter part of the nineteenth 
century lhat the battle lines were drawn, which 
were to lead eventually to the dualisms which 
were to pervade conservation philosophy from 
its very beginnings to the present. The gro'ving 
concern over natural resource abuse has previ- 
ously been attributed to the intense interest in 
these matters by naturalists and naturalist 
phil^phers. These individuals can be hailed as 
the promoters of what was to become the eco- 
logical school of conservation. 

Another group of individuals, frequently rep- 
resenting penons trained in some area of 
natural-resource management, was also to come 
to the fore and promote effiaency in resource 
utilization. The emergence of this group, rep- 
resented by Gifford Pinchot, has resulted in 
Haj'S identi^ing the period in which they 
ewrted the dominant influence as one of mad- 
mum effiaency .3 These were the forerunners of 
«hat might be thought of as economic and tech- 
nologic conservationists. 

THE ROLE OF THE FRONTIER ON 
CON'SERV.ATION THOUGHT 

There is very little serious writing on the con- 
servation movement in the United States lhat 
does attempt to relate the nse of the move- 

^ Samuel P. Hays, Coneereufion ond ihe Gotpel of Effi 
ttemy, Cambridge. Siasuchusetti, 1959 , p. 2 . 
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ment to the passage of Uie frontier. The frontier 
hypothesis of Frederick Jackson Turner has 
done much to promote the idea of the rise of 
institutions west of the Alleghenies that were 
peculiarly American. The environment al- 
legetDy created men who exhibited strong in- 
dividualistic traits and u’ho re.sented seenungly 
senseless social controls. Thus the character of 
the frontiersmen promoted unregulated use of 
the natural resources of the Mississippi Valley. 
More recent explanations of the influence of the 
frontier on economic and social develi^iment 
in the West do much to refute the vahdity of 
the Turner hypothesis which leans heavily 
toward environmental determinism. It was re- 
cently stated that “the frontier was more than 
an area or a process; it was, In its deepest sense, 
an Interaction of space as nature and of society 
as an evolutionary organism to produce tho^ 
virtues upon which Americans prided them- 
selves most”* 

The Frontier Concept, The fear of decitmng 
abundance associated with the passage of 
Turner's frontier is held by some to be invalid. 
A recent definition of a frontier Is that it is ”the 
edge of the unused,” ^ and therefore “science 
has its frontiers, industry its frontiers, tedi- 
nology its frontiers, and that so long as Ameri- 
cans can advance their standards of living and 
maintain tlie fliddity of their lives and their 
capacity for change along these frontiers, the 
disappearance of the agrarian frontier is not at 
all critical." * This cliange in thought bis given 
rbe to Uie concept of a vertical frontier, whidi 
might be as valid as the horizontal frontier in 
explaining the availabJity and development of 
natural resources, as the horizontal frontier was 
during a prior period. 

The Korhonlaf tenos (he fertiVof Fron- 
tier. It is now possible to link the two frontiers 
with the dualism that penude* the consen’atimi 
philosophy. Those whose orientation is stsU the 
dominance of tlie horizontal frontier tend to 

* Robert F. 8ctUK>f«r. Jt.. Titiw. Culrure uxt 

th* N»« Fronsict," Agrtcuhtirat llUlory. lU. 3S, 1984, 
f-Zi. 

* t>avi<{ X(. PoU«. Proj’t* 0/ Flmly, Chic*p». 1354. p. 1ST. 
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represeat individuals whose conservation views 
are prindpaliy ecological, ethical, and aesthetic. 
Much writing supporting these views includes 
the names of Samuel H. Ordway, Jr., Aldo I,eo- 
pold, Paul B. Scars, F. Frazier Darling, William 
Vogt, and Fairfield Osborn, although the chief 
proponent and one of the earlier and most active 
consenrationi-st was John Muir. 

The recent rise of the concept of a vertical 
frontier and its focus on economic production 
factors other than land lias not resulted in devel- 
oping as large a body of supporters as in the 
former case. But as man continues to demon- 
strate reliance on resources in a broader sense, 
the voices of this new school svill probably grow 
more insistent. 


EVOLUTJO.V or Tire 
CONSERVATION MOVEMENT 

Conservation as a social movement in the 
United States was not initiated before the turn 
of the twentieth century, although there svas 
much sporadic action and empiiasis on resource 
alnwe growing out of a bnd policy that had as 
its principal objective the acc^erabon of settle- 
ment west of the Mississippi. By 1890 it was 
realized that much of the previous legislation 
passed during the Utter lialf of the nineteenth 
century had led to creating problems that were 
unanticipated at the time of its passage. Some 
of the oarUer laws, such as the Timber Culture 
Act of 1873, tile Pre-emption Act, and the 
Desert Land Act of 1877, were eventually re- 
pealed or in tlie case of the last-named .4ct 
strengthened to prevent further dummy sales 
that uen? being proatated by special interest 
groups.® 

The germinal concepts that later svere identi- 
fied with conservation were embodied in the 
writing of an early group of naturalists, teacliers, 
and ptd^c servants such as Louis Agassiz, 
Arnold Cuyot, Nathaniel S. Shaler, George P. 

'Faul W*. C*le<; "The ilometlnui tew h mi Inermgruoiu 
l*aJ5)ttan,‘'VernmCentetutxt,edilOT, 7%e fiMie laruii, 
St^todn, tlcsrontfn, 1002, pfL 3(5-340. 



Consen-alion of Natural Resources 


Marsh, and Major J. W. Powell, the first director 
of the United States Geolo^cal Survey. A^sdz 
and Shaler taught at Harvard University; Guyot 
was on the faculty at Princeton Universi^'. 
Major Powell,'® a disabled veteran of the Civil 
War, appraised with keen perceptiori the dry 
lands of the West (Fig. 1). AH were familiar with 
the emerging problems related to the use and 
abuse of the rich resources of the nation. 

Mliile public land continued to be disposed 
of, some land was being withdravvn from private 
entry and set aside so that it could be protected 
and freed from possible abuse. Thus by the turn 
of the centui)' the stage was set for the initiation 
of a formal social movement that would focus 
attention on the situation surrounding the na* 

>sj. w. Pavrtl, Imi* oj Regiant of the Cfaiilnl 

Slate*, VVasiuzi'ton, D tST9. 


tkm's natural resources, which were thou^t to 
represent the key to continued national devel- 
opment 

Conserralion LVider Theodore Rooserell. 
The initial phase of the conservation movement 
in the United States was associated with the 
administration of Theodore Roosevelt, who him- 
self was an active outdoors man. The idea of 
promoting a conscious effort to produce change 
in the area of natural resource management 
was Gifford Pinchot s, a professional forester 
(Rg. 2). It was Pinchot who was to become a 
great influence in the nation’s first attempt at 
organized conservation. Pinchot chose the term 
conservation to describe the movement in 1907. 
He had been informed that government forests 
in India were known as Conservancies," and 
»i iMaS, op. cii. p. JOC. 
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this tenn interested iim, thus leading him to 

employ a form of it to descnbe his own favored 

program. 

The primary empliasis during this period was 
focused on the problems associated with for- 
estry. Pjncbot was opposed to establiddog 
forest reserves whidi rvould result only in dieir 
preservation rather than their conservation. To 
Pinebot the concept of conservation connoted 
use under systematic management. This belief 
was later to cause him to sever lus friend- 
ship nith another noted pcrsooality, Jdrn Muir 
(Fig. 3), whose interest was principally in nature 
for nahtre's sake. These two individuals were 
later to represent the conservation giants of the 
era, with Pindiot on the Inside directiog the 
government's program and Miur on the outside 
promoting bis osvn foUowing through his many 
writings on the subject and the organization of 
the Sierra Club. 

During much of the period, 1901-1909, the 
consemtian movement svas diaiacterized by 
much propaganda designed to focus attention 
on declining resources. Most atidionties agree 
today that die greatest cantribu'tion to come out 
of Uiis era was that of pointing up tlie problems 
which characterize the nation’s storehouse of 
natural resources. 

One of the last major eiTorts of the Theodore 
nooscvelt period the calLngof tliegovcrnois 
of each state to AVashington to discuss the 
resource problems eidsllng wllliin their own 
states; tills conference was termed the White 
House Conference of 10OS. Before noosevdt 
could spread bis influence further afield, and 
into tlie international area of conservation, be 
was no longer in public ofBce. Even though 
many of Rooseveff s pirns foeconservstian were 
eclipsed as a result of his leawog presidential 
politics, he left a l^cy to rcsource<oiisrious 
individuals and groups that should not be 
nilnimlzctl. Tlie Reclamation Act of 
which fosrered western development, the con- 
cept of multiple-purpose resource development, 
scientific forestry, a mineral policy for the public 
lands, and the desrlopment of the Inland W'aler- 
«uys Commission represented some of the kit* 


7 



flf.a J^a Mslr, » Mirntid ked nature lever, k> a pioneer 
in (he pTometleo of ihe Rlhelie knd the eOiIcal pliSlovtphy 
embodied in the conservaboo movement. The thinking el 
Molreontimics lolaflurnccaoumbet o( Ihenklinn'i leaden 
in coDWTValion. CDepubncnl el the I&leriorO 

ing effects of the TlieotloTe Roosevelt era that 
have had more /.ir-rcacbing effects on nahoiia) 
resource development than the much pidiL'cized 
propaganda aspect of his program. 

The influence of Roosevelt policy makers wtis 
to extend into the administration of I^esident 
WiIBam Howard Taft. But the voices of such 
Individuals as Frederick Newell, W. J. hJcGee. 
ChatiesR Vgn Rjse, ■aad others »-vre to be jeifs 
frec|ucnlty heard and only ITnchot, the ^'ant of 
the previous administration, was to make his 
kwe Wl for another decade. 

The Srctinif Pha»e of the Comtrtniion 
3forement. The initial phi^ of the conservation 
movement tt generally regarded as having 
tenmnaled in 1909. In tlie following decade 
there was not wthin the group in pow er a strong 
personality to promoie the nation's conservation 
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program. This does not mean tiiat no attempts 
were made to promote conservation. Jnit mudi 
of the period was given over to t-ontrover^ aris- 
ing out of policy differences Iwtwecn the Taft 
administration and the previous administration. 
The growing conflict on the international scene 
did much to divert the nation's attention from 
national resource development to the «ar in 
Europe. Tlius the latter half of the second 
decade of the century did not lend itself to the 
promotion of conservation. 

The apparent waning of Pinchot's influence 
in conservation circles was evidenced by the 
passage of (be Mhf er Pow er Act of 1920, which 
did not promote the of multiple-purpose 
policy to which he was committed. “By 1921 
the vs-ay had been cleared for the rapid espan- 
sion of resource development on the public lands 
of the United States, and a new stage in Con- 
servation history had begun.” 

The second phase of die conservation rrrovc- 
ment saw three Individuals occupying the pori- 
tion of central authority in the national 
government; Harding, Coolidge, and Hoover. 
During dieli era no single persanahty dominated 
the stage or provided the t)pe of feadenhip 
typical of the previous pha.<e. 

The natural resource on which most attention 
was focused during dus period was petroleum. 
Petroleum had reached new heights in popu- 
larity, for it was the fuel that powered aUied 
armies to victory in Europe. The growingauto- 
mobile market created new demands for this 
power source in the years following the war, 
even to the extent that it was thou^t that the 
nation’s limited reserves might soon be ex- 
hausted. The Bureau of Mines promoted a pro- 
gram that attempted to eliminate waste in petro- 
leum production and to increase efficiencies in 
dnlling techniques. A petroleum experiinetit 
station was opened at Bardetsville, Oklahoma, 
in 1920 to aid m promoting the Bureau’s 

irDonaM C. Swum. Federat Contmolion Foltcy /9S1- 
1933, B«rke1«)’, Califonua. 1963. p. 1. 

”IK<l,p.57. 


Tlic Teapot Dome scandal which occurred 
durif^ the Harding administration did little to 
create a favorable coasen'ation atmosphere. Tlic 
Teapot Dome vs-as a formation containing petro- 
leum on public land in M joming that was to pby 
a major role in weakening the coaservation 
efforts of this period. Tlie appointment of a 
Federal Oil Con<enation Board by President 
Coolidge was an attempt to os ercomc the image 
created during the administration of liis 
predecessor. 

Tbc last four jears of the second phase of the 
movement was the most promising in regard to 
conservation. President Herbert Hoover, had 
the opportunity to introduce a number of the 
programs to which he had given attention as 
Secretary of Commerce during the administra- 
tions of Presidents Harding and Coobdge. 
Hoover’s contributions are not too frequently 
haded in the general conservation literature, but 
his zeal for efficiency and his water resource 
planning program mast he recognized as valid 
esmtributions. 

President Hoentr. fiist as Secretary of Com- 
merce and later as Chief Executive, had a vital 
interest in the orderly development and control 
of the svater resources of the country. The Flood 
Control Act of 1928 passed in the Coolidge ad- 
ministration was stron^y endorsed by Secretary 
Hoover. The great dam on the Colorado River 
w hich now bears his name was originally known 
as the Boulder Can)^^ Project, and the name 
Hoover Dam was belated recognition of his 
interest in and support of the project (Fig. 4). It 
was in his administration that the Federal Pow er 
CommissioQ was reorganized and established 
as an agency that was to play a dominant role m 
the development of the water power resources 
of the country. 

Hoover’s distaste for federal regulation and 
dependence on voluntary cooperation and ac- 
tiou w as to reduce the effectiveness of bis pro- 
gram. “In certain instances he achieved 
ctmsiderable success by means of cooperabon 
His oil policy IS a good example But on the 
whole, cooperahve tactics failed in the face of 



Tif^ * Iloot-rr Dan, m Ike Boulder Cni^wi trc1)iu>of IbrCdmduBiw, roncrftectjdmc* 
of Frraient IJotnert truJenhip fa Ibe drrrltninivnl of Iht wslrr njoiuTn of Ibr diy Soulbocst. 


(BurroD of nKUrasCSon.) 

ifrong oppojftion from resource users." This 
era saw a movement away from complete de- 
pendence on the federal givemment for devel- 
oping conservation programs. This was a break 
with the Rooseselt-PitiAot theme of conserva- 
llon os a governmental function,** 

Corufirarittn anrl the AVre The period 
i9.33~I939 might be thought of as the “golcten 
age of conservation" in the Unitwl Stales. The 

** It. Bo*«fnJn f U'ftirs. “Tht eiirsdmet of the Con«m«' 
iua SuitrOa of Ae Vaiomily of Vu\ loLSt. 

Fe hfutr* 1900, p. IS 


state of the nation's economic situation 
much to remove some of the alwtades to 
effective conservation program that pteva 
during the eatber period. Thus llie stage was set 
for a strong personality to take over wlulc con- 
servation was on the wane. The problems to be 
cwrected were lioth far-reaching and complex, 
since they rebted not only to land hot also to 
man. 

Franklin D. Roosevelt, unlike Theodore 
Roosevelt, was not overshadowed by any in- 
dividual in his administration as the guiding 
force in the development of liisadministration’s 
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Fig. S Hugh lUnunand Bonctt, (arm«r Oilcl ei the Soil 
Cmiervation Snvfce, a toog-linw cnthudait and leaibr In 
the iMvatncot (a mvc the «ai1 mourcet of the oatioii from 
dotructix erosian and depletion. (Sod Ceruemtion 
Senlee.) 

conservation program. Althou^ FranUin D. 
Roosevelt did enlist a strong profes^nal bu- 
reaucracy of experts in bringing about sotubons 
to these multifarknis problems the respon^iUty 
for leadership was his. 

The primary emphasis during this period was 
on land planning, with a special focus on soO 
improvement programs. Up to now, the major 
conservation emphasis had been on a 
natural resource. But it was now reaL'zed t^t 
the diseconomies prevailing throughout most of 
the nation represented a failure in man-laiid 
relationships within an institutional frame of 
reference. Thus it was necessary to introduce 
the type of machmeiy svhich would result m the 
realignment of these discordant relations. 

The FDR pro^am was characterized by Qie 
passage of much legislabon and the creation of 
numerous bureaus and agencies to transform 
legtslation into meaningful action at the ^ass- 


lools level. Some of the more far-reaching legis- 
lations were those acts allowing for the estab- 
Gshment of Ifie Tennessee V’allcy Authority, the 
Civilian Conservation Corps, Tlie National Re- 
sources Board, the Soil Coaservation Service, 
and the Resettlement Administration. 

The entliusLwm for sod conservation, both 
ofUcial and personal, was in a large measure 
related to the leadership of Hugh Hammond 
Bennett. The Soil Conservation Act of 1933 was 
the legal basis for establishing demonstration 
projects across die nation and particularly in 
(hose stales where soil erosion had already 
greatly reduced the productivity of the land. 
Few people in the past century attracted a larger 
following of devoted conservationists than did 
Bennett, the bng-time Oiief of the Soil Con- 
servation Service (Fig. 5). 

It was also during this period that the indis- 
criminate giveaway of land was terminated. 
The passage of the Taylor Craang Act in 1934 
resulted in the withdrawal from entry the re- 
maining unreserved area of public domain, 
althou^ at the same time lax dehnquent land 
within individual states was being ceded to the 
national government for the purpose of creating 
National Forests and other public holdings. 

These various measures enabled the nation to 
start back on the road to economic recover}’, 
with fuD recovery following on the heek of the 
outbreak of war in Europe, for the second time 
in a single generation. Thus once more the na- 
tion’s interest was turned from the domestic 
scene to the international scene and the 
exigencies of war resulted in turning one’s back 
on problems of a conservational nature which 
had existed only a Aort tune before, but now 
seemed to have disappeared. 

CONSERVATION LN THE 
POST-WAR ERA 

The years following World War II found the 
nation deeply committed and active in the area 
rrf international economic recovery. The prob- 
lems of recovery required much in the way of 
both financial assistance and the temporary em 
ployment of many of the nation 's top resource 
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5pecia)ists. 17)05 ll)e Point Four Program, the 
Marshall Plan, and other such programs over- 
shadowed the need to reappraise the domestic 
resource situation and the prohlerns whidi 
were later to evolve. 

So Single OfcrrMin^ htiie. The advent of 
die Korean crisis occurring on the heels of the 
period of readjastmctit did much to hamper 
strong government participation in sponsoilug 
a unified conservation efibrt. Tlus does not mean 
that the government was Ignoring its respon- 
sibihty, for numerous imcoordinated bits of 
iegisl.^tian were passed wliidi indicated resource 
consciousoess. The “Paley Report," wliich was 
the nation's fint postwar effort to appraise the 
status of Us natural resources. Is frequently 
hailed as the fint attempt to uVe a careful slock 
of the situation of resource adequacy. 

The 1950'$ saw the nation becoming more 
and more ttrban, with employment operatingat 
a high level and an apparent absence of threat 
to material security. The condition of the times 
made it cldBeult to generate much publicinterest 
In conservation of an emotional type, whidihad 
characteriaed conservation during a prior e». 

ProfesrionaJ public bureaucrats were active 
in promoting the passage of legislatkm sshicfi 
supported their own specific interests. "The 
professional forester, en^neer, conservatronist, 
and economist are vital to the success of modem 
government. That hardly seems debataWe, but 
we should raise an issue or two concerrung the 
role of the profesrional pubLc bureaucrat."** It 
is now apparent that many of the rution's re- 
source programs because of their complexity do 
not originate at the grass-roots level, but are 
reronuncDilations made by a groiy) of special- 
ists who desire to initiate some positive chan^. 
Wbat is lacking is a central governmental 
authorit)’ that would look at the total field of 
natural resources as an area of policy and sub- 
ject it to vigorous analysis as a means of coordi- 
nating it with other principal areas of nation^ 
policy.” 

’•Bnss B. Talbol, "Tlw rotillcd Forces," Ilower^ W, 
OttOMn, editor, Laiut Uie ProWmuo'utPtilici/ln Iht VMled 
Slate*, lincolii, SelirosVa, 1B63, pp. 119- ISO. 


The Etponiling Hole of Prifole Organisa- 
tlont. This period also saw the beginning of 
more partierpation by private organizations in 
the area of resource management and develop- 
ment. The Conservation Foundation and Re- 
sources for the Future, evolving in 19JS and 
1952, respectively, are the most active in pro- 
moting research and education in this area. The 
former organization is ecologically oriented, 
whereas the latter is the chief proponent of the 
economic-engineering approach to resource 
problems. Other conservation organizations 
generally represent special interest groups that 
are frequently guilty of associating conservation 
solely with thrir own special interest. Resources 
for the Future, on Uie other hand, lias supported 
numerous outstanding resource studies since 
its inception in 1052 and tends to focus on the 
larger resources picture, rather than confining 
its Interest to a narrow spectrum. The role of 
the private organization In the realm ofresoun.'e 
deveiopment might be a sign of the times and 
partially on outgrowth of President Eisen- 
hovvet’s partnership pohey. 

CONSERVATION TODAV 

In the year lO&i we find that tlie embryonic 
conservatiomst thought of George P. Marsh, 
which is now more than a century old, has 
reached maturity. TTie America of Marsh's day 
or even Theodore Roosevelt’s day Is a far cry 
from tile America of today, ivilb Its concrete 
landscape, inaterialistic onentation, and metro- 
politan dominance. These changes In the nature 
of the landscape and in its settlement pattern 
have provided the neccssaiy impetus for a reap- 
pr^sal of the conservation concept and the sub- 
sequent poliaes and actions which are described 
or identified as conservational In nature. 

TJie Technofagicol Herolution. The problem 
of growing unemployment which made itself 
fdl fa the Utter p^ of the 1950's occurring at 
a time when the nation's standard of living was 

weitfries M. Ilarcfm. "Cm W« AFord • Scpir*t£ R«- 
Muren FoKcy," Henry Jairett, tdilor. ftttjirtUca on Con- 
■tit atwn . BatUmorc. ISSS. p. £27. 




Fig. S Hugh lUmmond formr of IIm Soil 

CofUCTvitlon SCTMCC, t long^uae oetbudut wui teadet in 
tlw oavfncnl to «<v« tb< loi] rooutcet of tb« tulioo from 
datrucbve eraion tnd dopleton. (SoQ ConMrrvsboa 
Semn] 

conservatioti program. Althou^ Franklin D. 
Roosevelt did eoLst a strong professional bu- 
reaucracy of experts in bringing about solutions 
to these multifarious problems tbe responsibility 
for leadership was his. 

The pnmaiy emphasis during this penod was 
on land planning, svith a special focus on sod 
improvement programs. Up to now, the major 
conservation emphasis had been on a 
natural resource. But it was now realized that 
the diseconomies prevailing throughout most of 
the nation represented a failure in man-laod 
relationships wi thin an institutional frame of 
reference. Thus it was necessary to introduce 
the type of machinery which woufd result la tbe 
realignment of these discordant relations. 

The FDR program was charactenzcd die 
passage of much legislation and the creation of 
numerous bureaus and agenaes to transform 
le^lation into meaningful action at the g^ass- 
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roots levd. Some of the more far-reaching legis- 
lations were those acts allossing for the estab- 
lishment of the Tennessee Valley Authority, the 
Cisilian Conservation Corps, Tlie Nationd Re- 
sources Board, the Soil ConservaOon Scrsice, 
and the Resettlement Administration. 

The enthusiasm for soil coaservation, both 
ofRdal and personal, svas in a large measure 
related to the leadership of Hu^ Hammond 
Bennett, The Soil Conservation Act of 1933 was 
the legal basis for establishing demonstration 
projects across the nation and particularly in 
those states where soil erosion had already 
greatly reduced the productivity of the land. 
Few people in the past century attractedalarger 
following of devoted conservationists than did 
Bennett, the long-time Chief of the Soil Con- 
servatiim Service (Fig. 5). 

It was also during this period that the indis- 
criminate giseaway of l^d svas terminated. 
Tbe passage of the Taylor CraziDg Act in 1934 
resulted In the withdrawal from entry the re- 
maining unreserved area of public domain, 
althou^ at the same time las delinquent land 
within individual stales w'as being ceded to the 
national government for the purpose of creating 
N'ationa] Forests and other public holdings. 

These various measures enabled the nation to 
start back on the road to economic recoveiy, 
with fuD recovery foDowing on the heels of the 
outbreak of war in Europe, for the second time 
in a single generation. Thus once more the na- 
tion’s interest was turned from the domestic 
scene to the international scene and the 
exigencies of war resulted in turning one’s l»ck 
on problems of a conservatioDal nature which 
had existed only a short time before, but now 
seemed to have disappeared. 

CONSERV.VnON IN 'niE 
POST.^llkR ERA 

The years foUowiDg IVotU War II found tbe 
nation deeply committed and active m the area 
of international economic recovery. The prob- 
lems of recovery required much in the way of 
both fi nan cial assistance and the temporary em- 
ployment of many of the nation's top resource 
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specialists. 'ITiiis the Point Four Program, the 
Marshall Plan, and other such programs over- 
shadowed the need to reappr^e the domestk; 
resource situation and the proUems svhich 
were later to evolve. 

A'o Sinple Oterridinp /jsiie. The advent of 
the Korean crisis occurring on the heels of the 
period of readjustment did much to hamper 
strong government participation in sponsoring 
3 unified conservation eRort. This does not mean 
that the government was ignoring Its respon- 
sibility, for numerous uncoordinated bits of 
le^slation were passed which Indicated resource 
consciousness. The "Paley Report," which was 
the nation's first postwar effort to appraise the 
status of its natural resources, is frequently 
hailed as (be first attempt to tah-e a careful stock 
of the situation of resource adequacy. 

The 1950's saw die nation becoming more 
and more urban, svith employment operating at 
a high level and an apparent absence of thmt 
to materia] security. The condition of the times 
made ft dilficult to generate much pubhefnterest 
fn conservation of an emotional ty^, which had 
characterized conservation during a prior era. 

Professional public bureaucrats were active 
in promoting the passage of legislation which 
supported their own ^cific interests. "The 
professional forester, engineer, conservationist, 
and economist are vital to the success of modem 
government. That hardly seems debatable, but 
we should raise an issue or two concerning the 
role of the professional public bureaucrat.” It 
is now apparent that many of the nation’s re- 
source pnapams because of their complexity do 
not originate at the grass-roots level, but arc 
recommendations made by a group of special- 
ists who desire to imtiate some positive change. 
^^'hat is lacking is a central governmental 
authority that would look at the total field of 
natural resources as an area of policy and sub- 
ject it to vigorous analysis as a means of coordi- 
nating it with other principal areas of national 
policy.” 

»«Hos» B. Tslbou "Ttie PotitwnI Fore»»." W. 

OUonou, eUilor, I^ruf Uir PwWrmj owt Fofity t« lAr 
Stotet, Llocotn, Nebrutt, (933, pp. 149-150. 


TAe Expnntiinff Role of Prirate Organisa- 
tioM. This period also saw the beginning of 
more poitidpation by private organizations in 
the area of resource management and develop- 
ment. The Conservation Foundation and Re- 
sources for the ruhire, evolving in 1948 and 
1952, respectively, are the most active in pro- 
moting research and education in this area. The 
former organization is ecologically oriented, 
whereas the latter is the chief proponent nf the 
eoonomic-enguicering approach to resource 
problems. Other conservation organizations 
generally represent special interest groups that 
are frequency guilty of associating conservation 
s<4ely with their own special interest. Resources 
for the Future, on the other hand, has supported 
numermts outstanding resource studies since 
its inception in 1952 and tends to foau on the 
larger resources picture, rather than confiiUng 
its interest to a narrow spectrum. The role of 
(he private organization in the realm of resource 
development mi^t be a sign of the times and 
partially an outgrowth of President Eisen- 
hower’s partnership poUcy. 

CONSERV.\TJON TODAY 

In the year 106-1 we find that the embryonic 
conservalkwiLst thought of George P. Marsh, 
which Is now more than a century old, has 
reached maturity. The America of Marsh’s day 
or even 'Iheodcffe Roosevelt's day is a far cry 
from the America of today, with its concrete 
bndscape. matenahstic orientation, and metro- 
politan dominance. These changes ia the natiue 
of (he landscape and In its settlement pattern 
have provided the necessary impetus for a reap- 
praisal of the conservation concept and the sub- 
sequent policies and actions which are described 
or identified as conservational in natiue. 

The TecAnnlo^'cnf iteio/urion.Theproblem 
of grow^g unemployment which made itself 
fielt ia the latter part of the 1950's occurring at 
a time w hen (he nation's standard of living was 

r^CfittriGs .M. tUrdiii, “Qui IVe AHoni a Sepantt Re. 
wMrm Policy,” Hcniy editor. ft.nr|wcfi«» on Con- 

anrafton, Baltimarc. I95S. p. 127. 
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at a pealk, was a bit diincult to understand. It was 
quite apparent, however, that this situation was 
not a replication of the situation whkh con- 
fronted Herbert Hoover or Franklin D. Roose- 
velt. This was an outgrowtli of the lechnolojjcal 
revolution, and its associated minimizing of land 
as a factor of production, and its expanded em- 
phasis on the rote of capital, botli physical and 
human in national development. 

The United Stiles emergeil from World 
War 11 as the free-world leader, and therefore 
was forced to become more International in its 
outlook and perspective. The assumption of tliis 
role has made it necessary not only to provide 
domestic security from external threats Imt to 
meet tlie challenge of communism wliereverit 
arises. Thus the technolopcal revolution can be 
considered an effective scheme which would 
enable us to reduce our direct dependence on 
the land factor in order to accelerate the output 
of secunty-producing measures. This new revo- 
lution has emphasized what Nolan considers 
man's most important resource — knowledge.'* 
Conterration and the Keniirdjr AdmlnUlrtt- 
lion. By 1060 the problems produced by the 
technological revolutioa had b^me more per- 
vasive. Solutions to these problems became a 
major politicsil issue during the presidential 
campaign of 1960. The election of John F. 
Kennedy to thehi^rcst position in the country is 
frequently thought to be a reflectian of hu abil- 
ity to project a strong personal image, an ele- 
ment that had been missing since the adminis- 
tration of Franklin D. Roosevelt. On the basis of 
this assumption and subsequent Kennedy in- 
volvement in attempts to eliminate the multi- 
plicity of resource problems that confronted the 
nation, it mi^t be said that a fourth phase of 
the conservation movement had emerged. 

The most recent phiise of the conservabon 
movement is focusing special attention on man 
or hiunan resources. This does not imply Jjhat 
natural resource problems do not exist, but it is 
finally bemg acknowledged that the existing 
state of conservation is influenced by the cam- 
plex interaction of human, cultural, and natural 
'•TbomasB ttolxn, The tneihaostible Kenxirce ofTedi- 
•“togy.” Jairrll, op. cit, pp. <9-66. 


resources. In order to satisfy the traditionalist 
it miglit Ik necessary to expand the conservation 
concept to include man specifically considering 
that noted scholars fail to recognize directly man 
as an element in llie resource complex. Conser- 
vation has traditionally empliasizcd the develop- 
ment and management of the land factor. It 
appears sanguine at tliis point in time to recog- 
nize conservation, at least on an operational 
level, as the optimum allocation of natural, 
human, and cultural resources in the scheme of 
national development, whereby maximum eco- 
ttomic and social sccunty will lie assured. 

Attempts to solve the problems of the recent 
era are reflected in the passage of pertinent 
legivlativc acts and the growing role of private 
enterprise in the arena of public responsibilily. 

The Area Redevelopment Act of 1961 and 
the mao-power Redevelopment Act of 1962. 
ate among the major hutruments designed to 
reduce the effects of the high rate of unemploy- 
ment. A numlier of private firms have Ixeen ac- 
tive similarly in proimting job retraining experi- 
ences. The proposed Youth Employment Act is 
an administration attempt to solve an urban 
problem by emplo>ing a technirpie which u a 
throwback to a former penod. 

Although man is now receiving increased 
emphasis as a means of tnimmi^g internal 
fnciion, problems of urban bving continue to 
mount. The demand for land for outdoor recrea- 
tion, the problems of traffic congestion and 
slum clearance, and rehabiLtation are Lkewise 
receiving much increased attention The work 
of O.R.R.C. in the outdoor recreation field, in- 
creasing numbers of transportation studies, and 
the continued amending of the Housing .Act of 
19S1 are evidence of attempts to reheve the na- 
tion of the problems which have emerged only 
recently. 

Although there has been an increase m the 
aureat eisphasis on man, Gtis has u» ao 
diimcished concern for those elements that have 
traditionally served as the bases for economic 
and social development — natural resources One 
of the first tasks undertaken by President 
l^nnedy in the conservation arena was to re- 
quest the National .Academy of Sciences to 
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evaluate the research that had been conducted 
“or» Isehalf of conservation and the development 
of America’s natural resources.” •* 

In the spirit of Theodore Roosevelt, a WTitte 
I Iou.se Conference on conscrvatioti was held in 
Washington in May 1962, Five hundred of the 
fcathng conservationist in the nation convened 
at the Sl'bite House to draw up plvis that would 
aid In fadhtating tlie minimization andeliinina* 
tiou of resource problems in some seventeen 
specific areas of development. 

JVeitdenl Jnfinsoti and Conterrniiua. Tlie 
untimely tleath of John F. Kennedy brought to 
the presidency an Individual who has his roots 
in the land. Lyndon B. John-son. a rulive of the 
scjulhwest, with an early rural nrientatfon, will 
probably recommend a ixtbnced conservation 
effort Aimed at eliminating proirfeois arising in 
both nind and urban settings. IVesklent 
Johnson’s contribution in the conservation field 
has thus far consisted of promoting die rapid 
passage of legUlation supported by Presklent 
Kennedy. His fint major successful effort wus 
gaining passage of the anti-poverty bill. Re- 
cently he signed tlie svildemess biU.^*^ A Idl 
authorizing the construction of the Lower 
Teton Division Water Project has also lieen 
signed by the President. 

OUTLOOK 

The future of coaservation as a problem- 
solving technique is Indeed challenging. The 
Sonnet emotional connotation associated svjih 
conservation uill have to be minimized inmder 

•* Ilrrbrrt L. ScWHvf, "The Nelural ilewiire* Bues Whri* 
Do We SUuul?," WorU PoUlici, Vol. XM, lulr 19U, p. 069. 

^Ttib hill Diztcv it ptKfUile tit tet ushh attre Itm nine 
miOioD enee of Utul to be pmeived In lie pniniiivc rtate. 
Fiftj-foiie wCMemen sites wS be eUabtCsheif principnUjr bs 
Fotest Service hofcKngi in the wesf. 


to deal rationally with protilcnis that liavc far- 
Teacliing impheations for present and future 
national development. Tlie lime has arrived in 
which the ecological, ethical, and esthetic 
philosc^hics of conservation and the economic- 
ledmohigic philosophies will luve to lie inte- 
grated in order to receive the ma.Timiim results 
from (fie works of (ho biologiica] and natural 
sciences, and the social and Iseliavioral sciences. 
The rontfniied promotion of conservaUon as a 
separate series of special interest programs u-itl 
Irring atx}ut more widespread disparity among 
ihc separate parts. Tlierefore hannony is the 
to a successful conservation program which 
has the interest of liotli present and future gen- 
erations as its prime eonrern. 

A broader vfeu' of conservation tlian tliat 
which has prevailed in the past is necessaiy, 
considering the growing importance of spiritiiaj 
values in a materi.alistic cmented sooety. The 
lechnoli^'cal revolution with Its ability to 
eliminate or at lea.st defer the occurrence of 
periods of alrsolute scarcity has not eliminated 
some of the more serious problems now con- 
fronting the nation. There is much evidence that 
the technologicul revolution has protUiced proli- 
lems in die total resource milieu. The growing 
concern over stream poUutwn, unregulated use 
of Insecticides and pesticides, perennial agri- 
cidtural surpluses, evacuation of the central city, 
problems associated with increased life expect- 
ancy. and persistent unemployment in the midst 
of almndance con at IciLSt l>e partially associated 
witli umegulated and luiidirectionat goals of 
(his complex foae. Thus in an era of "Big 
Covemment,” "Big Business," and “Big Un- 
ions,’’ the need for a more effective conservation 
program is apparent, ami at the same lime 
should be more easily instituted, provitling the 
paris can come up with a realistic picture of the 
total complex. 
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CHAPTER 2 

Ttie Public Domain 


Th« term “publfc domain" u here used applies 
to the land ownetl hy the federal government, 
or lormcrly belonging to the people as a whole. 

Ac^iiUiUon o/ Arras. Shortly after theadop* 
lion of the Comtitution, the thirteen ori^r^ 
states ceded to the federal government dl or 
nearly idl of tl«cir claims to land Iwyoml their 
borders. Tlius the public domain soon consisted 
of most of the land between the original states 
and the Mississippi River, escepl Kentucky, 
\'ermo»t, and parts of Tennessee and Ohio. 
Other s'ast areas were acquired fl) the Lraud' 
an.! Purchase, (2) from Mexico. (3) by tlie Ore- 
gon Compromise, ami (4) by the purchase of 
Alaska. Smaller area.s were purcha.setl from 
Spam, Texas, and Mexico. 

Figure 1 summarizes broadly tlie chief ad- 
ditions to the public domain. It reveals that. 
of the total land acxjauTtf, chat cetfccf by the 
origina] states comprised nearly one-sirth, the 
Louisiana Purcliase and Alaska eadi about oiw- 
fourth, the land acquired directly from Mexico 
alroul one-fiftli, and tlie Oregon Compromise 
aliout one-lenlh. Tlie land purchased from 
Texas ( to tlie nortJi of that state's present Iwund- 
ary) made up 4 percent, the purchase of FToilda 
added about 2 percent to the total public do- 


main. and land purciiascd from Mexico added 
approximately 1 percent. 

Tlicse lani were purchased very cheaply 
Hie Louisiana Purchase cost alioul (1 5 cents 
an acre; Florida, 20 tents, the tract purchased 
from Texas, 21 cents; the Gadsden Purchase, 
acquired from Mexico, 68 cents, and Alaska, 
abimt 2 cents an acre. 

Ih'fpoinl vf .4n>n». TUnn TVPES AND CEN- 
ERAi, nisTTUBUTioN. Slightly more Uian a billion 
acres have become privale or state poperty. 
This Is about three-fifths of the approximatdy 
1,800,000.000 acres (almost 3,300,000 square 
miles) which at one time or another were owned 
by Ibe federal government. About half of the 
remaiiung two-fifths is in Alaska 

Tlie chief methods of disposal of the land are 
summaiizcd in Fig. 3, which reveals that about 
41 percent of the ^'emted land was sold, about 
27 percent evas disposed of tmder the homestead 
laws; about 19 percent was granted to the 
stales in aid of education or for other purposes; 
and 13 percent was granted in aid of the rail- 
roads. inost of winch was given directly to rail- 
way coiporations 

The land sold, except under tlie Timber and 
Stooe Act (1878), was located largely cast of 
15 
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the Mississippi River or in Iowa, Sflssouti, and 
Arkansas, llie land sold under the Timber and 
Slone Act was, however, largely fine Umber 
tracts of the Pacific states or northern Idaho and 
Minnesota. 

Since the first homestead taw was not passed 
until 1862, most of the more accessible bnd 
h^ already been disposed of by sale or grant. 
The land disposed of under the various home- 
stead laws was therefore mostly in the second 
and third tiers of states west of the Mississippi 
Riser. Almost no land was homesteaded in Ohio, 
Indiana. Qlinois, or Iowa, and none in Kentucl^, 
Tennessee, or Texas. Under the several Desert 
Acts, which were modified homestead lasvs, 
nearly 2,000,000 acres were disposed of in 
Montana, nearly half as many in Wyoming, and 
about a fourtb to a third as many in Cc^orado, 
California, and Utah, with small acreages in the 
other western states. 

The land granted to the states in aid of educa- 
tion was distributed throughout the fonner 
public domain, svith, however, larger acreages 
in the less fortunate states. The amount, Alaslca 
being excepted, totaled about 120,000,000 
acres, nearly 200,000 square miles, an area 
nearly four times as large as New England. 
During the earher decades of the nineteenth 
century only one section (640 acres) of each 
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township was reserved for schools. After IS4S, 
however, two sections to the township were set 
aside. In 1850 four sections (2. 16, 32, and 36) 
were reserved for the schools of New Mexico 
and Utah. In 1&&1 the same provisions were 
made for Arizona. Moreover, hberal grants for 
institutions of hi^er learning were made after 
1852. For example, “agricultural college scrip” 
(certificates entitling Uie bolder to specified 
acreages of public land) totaled 8.000,000 acres, 
a tract about one-fourth as large as Pennsyl- 
vania. In addition, about 5.000,000 acres were 
given to stale universities The educational 
grants to New Mexico were greater than those 
to any other slate, and totaled 9,600,000 acres, 
an area nearly half as large as Indiana. The next 
in declinmg order are Arizona, Utah, California, 
and Montana. Twelve other stales in the Middle 
West and West received about 3,000,000 acres 
each, and twelve others received from 1,000,000 
to 2,000,000 acres. All the remaining states 
received smaller grants, mostly in the form of 
senp, chiefly in support of their agricultural 
colleges. 

The land granted to the states for canals was 
mostly in Indiana, Ohio, and Michigan, grants 
for over improvement were largely in Iowa, 
Alabama, and Wisconsin, Oregon received 
2,500,000 acres for roads, and Indiana and Ohio 
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received smal] grants. The totaJ grants to the 
states for canals, roads, and river improvemeail 
tvere about 10,000,000 seres, an area almost half 
as large as Ohio. In addition, almost 65.000,000 
acres of land classed as "swamp and oversowed 
land" were ceded to fourteen states. Florida 
received most, about 20,000,000 acres; Arkansas 
and Louisiana each received al>out 8,000.000 
acres (rou^ly one-fourtli of these states); and 
Michigan. Minnesota, Wisconsin. Missouri, and 
Mksissippi each got from 3,000,000 106,000.000 
acres. Illinois, Iowa, Indiana, and California 
were each granted 1,000,000 to 2.000,000 acres, 
and Oregon and Alabama svere granted small 
acreages. A considerable share of the proceeds 
from the sale of this "swamp land" (much of it 
well-forested) was added by the states to their 
endosvment for public schools. 

The grants in aid of railroads, totaling 

33.000. 000 acres (60,000 square miles or an 
area almost as large as New England), %vere also 
made chleSy to the states bordering the Missis- 
sippi River. Hosvever, a few other states, Michi- 
gan, Kansas, Alabama, and Florida, eadi 
reeel>'cd berivecn 2,000,000 and 5,000,000 
acres. Minnesota received mo«, 8,000,000 
acres. 

Tlic grants to the railroad corporations, totah 
ing 9-1,000,000 acres (an area almost as large as 
the East North Cenirj states), were made in the 
Rocky Mountain and Pacific states and In North 
Dakota, Nebraska, and Kansas. Two-fifths went 
to the Northern Pacific Railway, one-fourth to 
the Union Pacific, about one-seventh to the 
Southern Pacific, and nearly as much to the 
Santa Fe. Because of the large grants to Ihe 
Northern Pacific Railway, the states thmu^ 
which this line chiefly extends, Moniana.North 
Dakota, and tVashington, contained the largest 
acreages of railroad grants, from 6,000,000 to 

9.000. 000 acres each. Nebraska, Kansas, and 
California each had about 5,000,000 acres. 

ilemaining fhibfic £«ind. types and distri- 
ouTtoN. The public domain of the nud-1900's 
consists of thiw main types. (1) Land reserved 
tor specie purposes and presumably to beheld 
permanently for such uses. Tlie chief of these is 
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the nationa] forests,- smaller areas comprise the 
nattonal parks and national monuments. (2) 
The Indian reseivations. (3) The lands which 
were withdrawn (1934-1936) pending classifi- 
cation and further consideration of what should 
be d(Mie with them. This type (nearly all of it 
and or semiarid) includes land usually classed 
as “unappropriated public land.” All three of 
these princi}^ types of public land are located 
ctuefly in tbe Bocl^ Mountain and Pacific states, 
and in Alaska (Figs. 3 and 4). 

Of the Indian lands, the largest areas in 1962 
(iniUions of acres) are in Arizona, 18.4; New 
Mexico, 6.6; Montana, 54, South Dakota, 5.0, 
Washington. 26; Utah. 2.1; tVyomtng, 1.9; 
Oklahoma, 1.7; Nevada, 1.2. Idaho. O.S, Colo- 
rado. 0.7, Minnesota, 0.7, Oregon, 0.7; Cali- 
fornia, 0.6; North Dakota, 0 4. 

A fourth type of public land, at present minor 
but likely to increase notably, consists chiefly 
of submaigina] tracts formerly privately owned 
wliicb have been prirchased by tbe federal gov- 
ernment to "withdraw them from agriculture," 
and for reforestation, range control, soil con- 
servation, watershed proteetioti, and unld ani- 
mal refuges. Many areas of excellent land were 
acquired for military purposes in 1941-1945; 
vast expanses of former public domain were 
closed to entry durmg the same period and used 
for proving grounds, bombing ranges, and other 
mUitary purposes. 

Many tracts which had been patented be- 
came lax delinquent. These areas have become 
the properties of the local pohtical subdivisions 
(Ihe counties and states). Fart of this land has 
been re-ceded to the federal government. Small 
increases in tbe pubbe domain are the result of 
gifts of land, mostly to be incorporated Into 
natkmal parks. 

lypei nf Land Inroltvd. Tbe public domain 
has included almost all tbe various types of land 
in America. Choice agricultural land was well 
represented, forest land included most of the 
fine forests of the Middle West os well as the 
Superb Pacific forests; mineral lands included 
most of the metals of the Far West, iron and 
copper of the Lake Superior regon and also tbe 
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ctxil and Oil felds of the Interior and the West 
and AlasVx Crazing lands have Iseen «idcly 
represented cvct since the acquisition of the 
Li^siana Purchase, sshlch included muds of 
the Great Plains. The better agricultural, forest, 
and mineral lands passed out of federal owner- 
ship first. Since about 1900 most of the fairi/ 
accessible pubbe domain has been grazing land, 
less s-aluabte forest land, including cut-oser and 
Inimed-ovcr areas, and wasteland. 

CJItNOES IN TUP, POPLT-\R ATTITUDE 
TOTftlin PUniJC LVNDS 

At a time sshen the seriousness of the prob- 
lems facing the American people is lieing widely 
thouf^ Vaguely reaJizcsl. it us desirable to esjo- 


sidcr what should be the program concming 
the remaining public domain. A preliminary 
step may properly be a survey of the chief his- 
toric changes in opinion as to various t)'pes of 
land. 

The popiibr attitude toward the public di> 
main has varied as a result of five thief influ- 
ences. (1) the growth of population. (2) the 
spread of Uie people made possible partly by 
impros'cments In transportation, (3) the con- 
spievous conserpiences of the ezploitation of 
the land, especidly deforestation, depletion of 
minerals and game animals, and, more recently, 
the sinking effects of soil erosion, and (-1) the 
growing realization tliat natural resources arc 
luBiled in amount and many are being used op 
rapidly (S> A fifth influence w the growing sense 
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of rcspoa^ibility roHcfmioK l)»e wlfarc ol iho 
peopJe of the futitre. 

PfOKrains con«mfns llio American 
domain hare reriwl widely x\1lh rfunu^rt In the 
{Wpiilar intemt In agriculture, [orcxlj. minerals, 
and outdoor recreation, and with coneem for 
the rltstant firtiirc. 'ViW land was long con- 
sidered to Eiave little value. For example, Franh- 
hn was criticized hy many jirominent citizens 
for Mtcndjng tiro nalinnal lioiintUry as farwesl 
as the Mississippi River w hen lie negotiated the 
treaty at the close of tlie Rcvolutlonar)- War. 
Siriiitarly. jelfersnn’s purchase of lire LniUslana 
TsTTitory was widely coudenmed, and Scw*r<ra 
purcliasc of AlasVa svas often ralleil ‘'sheer 
folly." 

Siiniiariy, trees were long inadequately ap- 
preciated. ‘hie man xsho cleared the most Uiid 
was ihe popular hero, and he who did not com- 
pletely f leaf his bnd was caller! lazy. Tlie statr- 
ment, made by those less tihncl than their fel- 
low^, that there would soon l>c a limber shortage 
wus widely ridiailed. Fresldetit Harrison was 
Uie Brst president who felt strongly enougli the 
necessity of forest ernservation to carve forest 
reserves out of the puhhe domain <189’). Not 
until Thewfore Roosevelt’s terms (1901-1909), 
however, were large tracts reservesl. He with- 
drew nearly 150,090,000 acres. In contrast to a 
total of about 45.000,000 acres svitJidraw n l^aM 
his pretleccssors, I le included in national forests 
sulntanlially all the forest lands then remaining 
in public ownership. FranVbn D. Roosevelt 
(1953) was the first presklent to encourage elfes^ 
tix'cly extensive reforcitaliwi by means of Ihe 
Cisilian Conservation Corps. 

Minerals, too, except gold and silver, meant 
little to most American.s until after 1850. Asa 
result, except for the reservations ly TliccKlorc 
Roosevelt, little mineral wealth of present vaJwe 
has lieen retained by the public. 

Agriculture was titc predominant source of 
iivebiiood of Americans unlit llic I920’s. As late 
as 1880 two-thirds of the people lived on farms. 
Consequently, llie public Imd was generally 
evaluated in terms of its agriailtural ntibty. The 
population spread w estwaixl year by year, crcal- 
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ing tens of Ibousands of new farms and pushing 
l*ack die frontier. Ncvertliclcss several great 
westward surges were prominent. Tlie first of 
lliesefdlowedilieRev’oliilionary IVar. when tfie 
better lands of Kentucky and Tennessee ssere 
occupied. From 1810 to 1850. during thestcum- 
IkmI and canal period, the large families of tbc 
first frontier gencmtioris, supplemented by 
many migrants from the area from rcnnsylvania 
to the Otrolinos, crosved (he Ohio and Missis- 
sippi rivets in Luge numbers. A thud great 
surge friio the piiLIic domain invovJed many 
people from New England and New York. It 
followed the completion of the Erie Caruil 
(182^, the establishment of Great Lekes navi- 
gatkm. and the early railroatl extension, to ISfll. 
This ware was the first to spread over tlie 
prairies. After the Ovil War there was a fourth 
great westward movement, facilitated by tlie 
lafiroads and encouraged by the free home- 
steads offered by tbe homestead law, From J870 
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to 1886 hundreds of thousands of people, mosOy 
descendants of pioneen or immigrants, moved 
into the prairie plains and eastern Great Ilains. 
The dry years of the late 1880's and early lS90s 
checit^ the spread; indeed, many Great Mains 
countries were almost depopulated. But, start- 
ing about 1900, a series of wetter years, the 
enactment of legal provisions for enlarged 
homesteads, and the des’elopment of various 
inventions helpful to fanners led to another 
great increase in the interest in new farms. 

Ten million acres of homesteads were “'pat- 
ented” in 1910 — an area twice as large as New 
Jersey. Dry j«ais, beginning in 1910, checked 
the spread, but the high prices for agricultural 
products associated with World War I again 
greatly increased popular interest in agriculture; 
but since the land capable of adequately sup- 
porting a family on a half-section was “gone,” 
the homestead unit was increased to &i0 acres 
in 1916 for “stockralsing" land. Almost a frenzy 
of Bling on land followed, partly because mili- 
tary service reduced the residence requirements 
for homesteading. The collapse of farm pnees 
after the dose of the war chilled the popuLtf en- 
thusiasm for farming, and the drou^ts and 
low prices for farm products duriog 1930-1936 
put an end to the frenzied interest in home- 
steading. Moreo\-er, in November, 193-1, and 
February, 1935, all the remaining unreserved 
and unappropriated land was withdrawn by 
executive order. 

CHANCES Ci THE OmOAL ATTITUDE 
TOWARD PUBLIC LANDS 

The popular attitude tiiward die pubb'c do- 
main , just sketched, influenced profoundiy the 
official attitude. Nevertheless the opinions of 
governmental officials had sufficient mdepend- 
ent influence so that a sketch of changes is 
desirable. 

George Washington bou^t and sold unoc- 
cupied lands m New York, V'lrgmia, Pennsyt- 
vania, and Kentucky to good effect Many later 
gos'ernment officials likewise considered that 


Consers-ation of Natural Resources 
the unoccupied lands provided opportunities for 
personal gain. 

Alexander Hamilton and numerous other 
financiers of the early years thought of the 
public lands as potential sources of federal 
revenue. Many state officials were also inter- 
ested in having their states receive grants of 
lands for both the foregoing reasons. Most of the 
vast tracts granted to states were sold promptly, 
often to members of the legislature or their 
friends, many of whom resold at large profits. 
The funds obtained by the states were used 
partly to reduce the immediate tax burdens. 

Allied to the concept that the sale of public 
land should help support the government was 
the realization t^t such landc could help supply 
desirable improvements. The first important 
utilizatiOD of public land for this purpose was in 
1603, when Ohio was admitted as a state. One 
fuB section of each township was set aside to- 
ward support of pubbe schools. Other tracts 
were given, during the early decades of the 
nineleenth century, to aid in canal and road 
construction. Before long increases in the grants 
for schools were made and also grants for col- 
leges. NkTien many railroads were projected into 
sparsely settled or vacant re^ons, 1865-18^, 
vast areas were granted to assist in their con- 
struction. 

A similar use of public lands was the grant- 
ing of scrip for 63,000,000 acres as partial com- 
pensation for miLtary services. This scrip, which 
in many instances was sold, may be compared 
with the bonus payments after World War I. 

The sales of public land, however, yielded 
only relatively small suras— only $60,000,000 
during the first half century of the nabon's his- 
tory and approxiraately $160,000,000 during 
the second half century, and a total to 1946 of 
about $250,000,000. TTiis, to be sure, is three 
tanes as much as was paid for the land pux- 
<hased from France, Spam, Mexico, Texas, and 
Russia. Indeed, a competent authority has con- 
doded that most of the land sold by the federal 
government )ielded only a small fraction of 
what it was &en worth (that is, readily salable 
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for). Almost none of it, even the ehoM timto- 
lands, broxicht more 52.50 an acre. 
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ship. The establishment of Yellow-stone NatioDal 
Park in 1872 was a momentous event in the his- 
tory of oxir public domain and an example to 
other forward-lookup countries. Since then 
nearly 200 national parks, monumcots, and 
reserves have been created, mostly from the 
remaining pubhc domain (177 by 1930, 187 by 
1963). Notable was the establishment in 1963 
of the first three national seashore recreational 
areas (Several additional sea- or lakesbore rec- 
reational areas are being actively proposed). 

The establishment of the national forests, 
commencing in lS-92 but most extensive in 
1901-1909, was even more important in limit- 
ing the alienation of public land. 

AiMther phase of retaining part of the domain 
for the public was the reservation of various 
mineral and other ngbts. President Theodore 
Roosevelt in 1906-1^ withdrew from entry 

80.000. 000 acres of possible mineral lands peod- 
Ing their classification. Those found to have 
valuable minerals have been retained entirely, 
or the mineral rights at least have been retain^ 
to be exploited only under government control 
on a leasing system. Posable water-power sites 
were sfmilaily -withdrawn In the Pacific states 
and Alaska. 

The ahenation of public land has appaieotly 
almost run its course. In 1910 more than 

10.000. 000 acres were transferred to private 
ownership From 1913 to 1922. inclusive, an 
average of about 8,000,000 acres a year were 
patented. likew-ise the sale of public land has 
declined to small proportions, yielding less ihan 
$1,000,000 a year since 1921, in contrast Id 
about $2,000,000 a year between 1913 and 
1920, and $5,000,000 a year from 1900 to 1912, 
and about $8,000,000 a )ear during the ISSO's. 

The public domain, instead of being disposed 
of, is now being added to by purdiase, tax 
delinquency, and gift. Moreover, there is inucb 
serious official discussion of the descability of 
purchase by the federal government of many 
miHions of acres of subtnarpnal land« , especial^’ 
in the more rugged, sandy, or rocky areas, fm- 
meriy forested, and in the semiarid Great Flams. 
A significant advantage expected from go veiu - 


inenl ow-nership of submarpnal lands is reduced 
necessary payments for relief and subsidies for 
scdiools and roads in such areas. The removal 
of the occupants to land on which they could be 
self-supporting vv-ould lighten the tax burden for 
the rest of the nation. In 1961 nearly 2500 areas, 
totaling 5,800,000 acres, belonged to state parks. 
About 25 million acres of public land was dis- 
posed of in 1962. A considerable part was small 
tracts located within state forests and state 
parks. Such gifts of land to the slates have been 
distinctlv popular with poUticians and various 
other people. 

A recently developed method of disposingof 
parts of the public domain is for “recreation and 
public purposes.” Under the “Code of Federal 
Regubtions as revised in 1963” it is possible for 
cities to obtain even sizable tracts of public do- 
main for use as a park. For example, PboeaLx, 
Ariarna, has thus obtained ‘‘the largest muzuC' 
ipal park in the world” (15,000 acres), and many 
other cities have obtained attractive areas at 
$250 per acre. Some of these recreation areas 
are far from cities and are sold under specified 
coDditions to groups such as Boy Scout troops, 
eburdi groups, or OTganizations especially in- 
terested in some recreational activity such as 
golf, skiing, or boating. 

Some iHiy* in fTTiieh the Spirit the 
Bometitad I^itt Was t'iotaled. The sev-eral 
homestead laws were presumed to enable set- 
tlers to carve permanent homes out of the pubhc 
do main. However, a large share of all home- 
steaded land did not provide a home for settlers. 
Indeed, in large tracts of the former pubhc do- 
main few settlers continued to reside on the land 
after recciv-ing tide to iL The spirit of the home- 
stead laws was violated in five chief ways. (1) 
Timber land was homesteaded with no mten- 
bon of making a permanent home, but merely 
to seD promptly to some lumber company. (2) 
Sifiularly, in the semiand and and states, many 
tracts were homesteaded because of the water 
on them. As soon as title was obtained, the land 
was sold to stockmen who could, by owniog the 
available water supphes, monopolize large tracts 
of public grazing land. Often such homesteading 
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of watering places was done by employees of 
livestock owners. (3) Although each indi^dual’s 
homestead ri^ts were strictly limited by law, 
only one homestead being legal, nevertfidess 
many individuals, moving from one land district 
to another, obtained more free land than they 
were entitled to, somehmes tinder assumed 
names. (A) Homesteading was done by dum* 
mies. Federal in^ctors, dunng the nidi of 
homesteading, often could not know that the' 
man who ssvore that he had made the required 
improvement, resided on the land, etc^ was not 
the person svbose name appeared in the applica* 
don and subsequently in the deed. Thus a man 
might "prove up" on a succession of claims, 
whose deeds he turned over to another person 
for a fee. (5) The least reprehensible method by 
which the spirit of (he homestead laws tm 
violated was the selling of the homestead, which 
hy Itself wu inadequate to support a family, to 
some adjoiiung settler who needed it to supplc« 
ment his own too limited holdings. In semiaiid 
regions, several hundred acres are required, on 
the average, to support a family. 

Pii6i/f Oicnenfifp of MinernCt under ftafer. 
The pubhc ownership of navigable rivers and 
lakes has long been recognized, but only in re- 
cent decades has iJie problem of the owneish^ 
of the minerals beneath such inland waters or 
vmder coastal waters lieen the subject of mud* 
discussion. The state's claim to coal, gravel, and 
oil under rivers that form boundaries as welt as 
those officially declared navigable was first es- 
tablished in Indiana in lOlS. Subsequently, 
many other states have ako received subsfant^ 
sums paid in royalties for gravel and other 
miner^ recover^ by permit from under iheir 
rivers. %Vhen valuable amounts of petroleum 
were found under some coastal waten, Ibgr 
were similatty claimed by the states. However, 
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after World War 11 the claim of the federal gov- 
ernment to the oil imder coastal waters was dis- 
puted by Louisiana, Texas, and California. The 
passage of the Submerged Lands Act of 1953 
recognized the claims of these states to the 
petroleum remurces that be beneath the sea to 
a distance of 3 miles offshore. Beyond this limit 
the federal government retains /urisdiclion. 


SUMMARY 

One of the most favored 2,000,000 square 
miles of the entire earth was spread out before 
the pioneers who crossed the Appalachians in 
1700. The land certainly awaited settlers, and 
(he pubbe pobey soon became the encourage- 
ment of settlement in almost every possible way. 
l^tnd was sold cheaply, and vast areas tvere 
donated to the slates and Id corporations. By 
1860 most of the belter accessible agricultural 
land had passed into private ownership. Then, 
to encourage settlement further, homesteads 
were given free, with the result that by 1890 the 
frontier was officially declared gone. Neverthe- 
less, (he rapidly increasing, land-hungry people 
pudied on into the poorer lauds until by 1^0 
(here remained almost no public land capalJe 
of supporting an American family on even three 
times the original homestead unit Except m the 
ephemeral Indian reservations, settlement and 
exploitation were almost unimpeded as long as 
fair agricultural land remained. But from 1892 
(o 1909 vast nonagricultural areas were reserved 
for national forests, parks, and monuments, and 
smaller areas more recently Practically all 
alienation was stopped in 1935, and a reversal of 
poU^ was undertaken— the purchase of lands, 
largely submarginal, for addition to the reserved 
public dwnain. 
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CHAPTER 3 

Economics and Conservation 


Vi»^ejtuden^ co nservation toon l eams-thatthg 
s ribl ector-co ncept has I wen of {nterestio-agreal 
variety of people. He finds it appearing vwy 
often IP Ae literat ure geoz^pSyT lwliticj 
sc ience , sociol ogy, and econ omics . as_w<U os in 
tbe ^wntu ig oTTKe~varioi^phy«j^_icienoes 
deali ng with tHTearth andits tesources. One of 
the first of these disciplines to become-con- 
cemed will the proble ms of con servation was 
the science of economics . Over a period of 
almost ts\o centimes writers i fi th '^l^d'^of 
eco nomics and p ob'tjc al econom y jiave been 
c oncerned w ith pr oblems involvin g (h e deple- 
tion, the disappearance, or the wise o f Mn a 

fe5Pi«ces. 

Emphasi s on t h e coo nomic aspects of the 
conservation p roblem ha s been espeoi^ly slroitg 
iflJheJJniled ,Stetesjtn<Tja_tX^other countries 
of iheji’orld.ihat itave lieen devoted tradiHoo- 
Jo fre e-enterprise types of economic sys- 
tems. In these countriesjbejendeney to view 
the co ns^'ation p roblem^as essentially one of 
managing resources in ord er to p roduce amari- 
mvim'H salSraction of human wants has fre- 
quently been very strong. Not only have the 
aieragc citizen and public official comowidy 
expressed tlie problem in economic terms, but 


they have also tended to advocate the use of 
economic measures to bnng about those re- 
forms that they consider most important. 

ITbnt* and Refourten. The student of eco- 
nomics takes, as one of his special problems, the 
apparently endless conflict be^een unlimited 
h uman wan ts and the limUed means "oTsatis^- 
ing them. To him, indeed^ the economic drama 
wiiiS Jojevolye aronnd this conflict. On the 
one hand, the economist looks at human nature 
and discoven that man’s effort to satisfy his 
wants nwer ends — (hat as soon as he satisfies 
one~batch of wants, he immediately conjures 
upawbolesetof newones. Under these circiun- 
stances rt soon becomes obnons that the means 
of satistying those wants can never be adequate. 
A man's effort wilJ always be directed toivard 
acquiring more and morey^Mpiirces lhat can be 
converted into means of want satisfaction. Thus 
It spears that any organized society must give 
priniaiy consideration to the manner in which 
its resources shall be allocated among its people. 

Human wants in themselves are not difficult 
to identify. The eoonomi.stjlefines lliem in much 
the same way a.s^e do, in such a way as to in- 
dude ^ kinds of expressions of desire. Compli- 
caUons bc^ to appear, however, jast as soon as 
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we try to rank these wants, whether they are 
individual wants, group wants, or wants of the 
future. A great deal of the science of economics 
is devoted to the problems of measunng the 
intensity of individual wants and trying to dis- 
cover the extent to which the wants of groups 
of people agree with, or differ from, those of the 
inividual members of those groups. These com- 
putations become especially difficult when the 
economist attempts to project them into the 
future>l{ is a well-known fact that wants vary 
from time to time, as well as from person toper- 
son. But it also seems obvious that resources 
become valuable only to the extent that they 
are wanted; the entire conservation effort there- 
fore rests on a projection of patterns of human 
wants into the future. 

JEflrIy Economic Thou^hti the Scnrcily 
iVineipfe. The economist, whose centra! corv- 
cere is with the raanoer (n which limited means 
of satisfaction are allocated to the virtually un- 
limited quantity of h uma n wants, has longbeen 
interest^ in the conservation problem. Among 
the very early classical economists, sudi as 
Thomas Maltbus and David Ricardo, the prob- 
lem was envisioned essentially as a conflict be- 
tween a continuous expansion of basic human 
wants, as evidenced by a rapidly growing world 
population and a strictly static supply of natural 
resources that could be used in satisfying them.* 
Specifically, their coacem was centered in the 
simple problem of obtaining enough food, cloth- 
ing, and shelter to satisfy those growing human 
needs. As a result, their major emphasis was on 
the available supply of land, and their thinJdog 
was in terms of its capacity to prtxluce food, 
fibers, fuel, forest products, min erals, and related 
goods required by man to satisfy his basic needs. 

To attack these prc^jlenis, early economists 
found it necessary to simplify their analyses by 
introducing certain basic assumptions as to the 
nature of the phenomena. One of these assump- 
tions, that basic btiman needs wifi continue to 

^An eve«llent review of the devett^ment of ecoDomic 
Ihougbl in these matters appears in narald J. Barnett ana) 
Chandler Morve, Searrity and Crmcth, BaJtiniore, 1963, 
3 and 3. 


expand as population increases, has already 
bem specified. The other assumption, that the 
fund of resourses that may be used to satisfy 
those needs is specifically limit ed, merits further 
examination. 

In particular, the limited resources concept is 
based on the assumption that man's ultimate 
source of livelihood is the physical earth. The 
earth can provide only a limited quantity of the 
items, such as minerals, rainfall, and the com- 
ponents of soil fertility, that can be used to pro- 
vicle those sources of livelihood. \'’hen those 
stocks are exhausted, as in nonrenewable re- 
sources such as minerals, man is simply going to 
be deprived of goods and services whose produc- 
tion depends on their use. Or, in renewable re- 
sources. such as the sunshine and rain employ ed 
in agriculture, deprivation wil] begin whenever 
annual increments are exceeded by human 
demands. Little wonder that speculations based 
on these assumptions led people of that day to 
refer to economics as the ''dismal science." 

The mechanisms by which these scarcities 
were to be brought about are worthy of com- 
ment Thomas Malthus, who was among the 
fint to develop and popularize the scarcity con- 
cept. felt that man w^d go ahead willy-nilly, 
utilizing available land until one day, perhaps 
rather suddenly, he would come to the end of 
that conquest and would be faced with the 
necessity of reducing per capita food and doth- 
ing inputs for his growing numbers. And, since 
Malthus saw no way of hating the then-existing 
"population explosion." the ultimate conse- 
quences to the human population certainly ap- 
peared to be disastrous. 

The Malthus thesis achieved widespread ac- 
ceptance among both economists and laymen, 
altbou^ it was modified considerably by later 
writers David Ricardo, m particular, who 
appeared to have somewhat greater confidence 
m man $ perspicacity, fell that the day of uib- 
mate dimimsfixng returns would be foreseen and 
that there would be a gradual, rather than asud- 
den, downward adjustment of levels of living 
that would be spread over a conriderable period 
of tune. John Stuart Mill modified further the 
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hypothesis by introdudng llie noliot) tliat man 
mf0it siit«(ltiite one form of ullsfacUon for 
another and thus alter «)nsideral>ly the process 
of adjastment to the foreseen condition of 
scarcity. 

In all tJiese spectdalions of the dasstcal eco- 
nomists, ho\ie\'er, there tvai no provision for 
the admission of changes in tcehnolog}’ or in ilic 
generaJ institiitinnal organJzalion of societyinto 
the hyivilhcsis. In oilier words, their work! \v-as 
essenlially a world of unchan^ng patterns of 
demand and imclianging human abilities to 
iiUlite resources more effectively to satisfy those 
demands. Under those rircuinslances, a stale 
of dimlnidiing rctxiiTLS.in wlilcli man should con- 
tinue to receive lea and less In return for his 
efforts to satisfy Ids wants, was Inevitabk. 

Early Amrrienn Erperienee. Tlie village 
economics of Colonial New England had a rela- 
tively simple way of handling the wanl$-re- 
sources problem. .Members of these communi- 
ties earned money and spent it bidding against 
eacli other for die limited supplies of available 
goods and services. In stich a free-cnlerprise 
economy the oUccatini} of resources to indj- 
viduals was accomplished tluoiigh the pricing 
system. Thus it could be assumed that those 
who had more intense desires for particular 
resources would gdn possession of them simply 
liccattsc tliey were willing to part wttli more 
piuchaang jwwer in order to get them. Money 
was rather evenly distributed among members 
of lliese Colonial commimilies, so Uiat one mem* 
bor had about as much ability to comroaitd 
resoiuces as anotfier, and each one had an 
opportunity to obtain the goods and services be 
wanted most. 

Despite these early circumstances, however, 
the pioneer economies ilid not always produce 
sodally desirable ends. Resource allocalion 
became especially unwieldy in the later yean of 
this period, when some people obtairied posses- 
sion of more purchasing power than others and 
Were willing to use that purcliasing power to 
gdn possession of resources. Often these per- 
sons used the resources in ways that were felt 
to be detrimental to the welfare of the group. 


And so it came alnut, in the very early con- 
siderations of economic welfare, tliat restric- 
tions were placed on many of (he practices by 
which resources were utilized (Rg. 1). 

Early attitudes concerning the wfse rise of 
resources are vividly jrortrayed in the notions 
that the Puritans and many of the later pioneers 
liad alNSut "saving hr a rainy day." The pioneer 
family, faced with the rigors of the life on the 
frontier, quIcUy learned to avoid waste because 
daily living wa.s so diilicult. Saving svas a virtue 
that was nurtured assiduously. Memliers of the 
famdy whti did not use resources wisely were 
diastlsed. and these virtues became deeply in- 
grained Into the mores of the American people. 
U is easy to sec ho'v sucli notions were trans- 
planted into Uie national cultiu-e. 

MTio wus to decide just what kinds of aits 
would endaisger the "welfaro" of the group? In 
tlie smalt communities of Colonial New England 
these sjuestions were easily anssvered. Tltc 
groups themselves were small, needs were easily 
apparent to all memberT, and consensus con- 
cerning the group welfare wns quickly obtained. 
By the some token, the organized group, in town 
meetings or in oilier ways, could very easily Im- 
pose penalties or take other steps to insure con- 
formance by Individual members. The idea of 
husbanding resources for the long, cold winter 
lliat wras sure to come was readJy incorporated 
into tlte cultural heritage ol the Amencan 
people. 

Social Ernlution. kVe can see in these early 
etb'tudes some of (he ingredients from which the 
later conservation movement was made. The 
movement apjieared slowly because there was 
little realization until near the end of die nine- 
teenth cenhiiy tliat unwise use might endanger 
the future social welfare. Growth and territorial 
expansion had occupied the energies of the 
Amencan people, and the rapidly expanding 
frontier society rarely gave much thought to the 
future of its resources. Tliese conditions per- 
dsted for several generations, but by the decade 
of the 1690'$ it had become apparent to many 
(bat the conditions of life had changed enor- 
mously. The American people still believed in 
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Fif. 1 Tliree combines harvesting luti threshing the gtaio in a single epmtinn, In the western 
Great Plains where estenslte grain farming Is cbaracletislie of the ngrienlturaJ econnniy mechani- 
zation has reduced the lahot force substantially. Restrictions on wheel ;^odurt<on are a festurc of 
ctrrrent agncultund practices. (Deere and Company.) 

lhriftandhardwork,an(ltlieyalsoretaitjedtlieir ordinary biological needs; they also include a 
faith in a price-directed economy. But they be- wide variety of items that are more properly 
gan to see that preservation of the public wel- related to the social welfare, 

fare was going to reqwre both a more precise The end of the nineteenth century also 

definition of the conservation probI«n and a brought a considerable increase in the number 
program of positive measures. It had become of queshoos concerning whether the process by 

evident that wants were both individual and which an individual tries to satisfy his own wants 

social. necessarily produces a maximum of satisfaction 

Jndiridual and Soriaf If<in«. Economics, for all the people There was an increasing tend- 

which had long recognized the dual nature of ency to doubt the svisdom of permitting the man 

these wants, found it easy to incorporate the vnih ihe most money to acquire the most re- 

more social of the human wants into itsanalyses sources. Great attenhoii came to be devoted to 

of the wanls-resources problem. Soon itbecame questions of how to regulate the acquinng of 
common for economists to include in th^rcom- resources m such vvays as to promote the general 
putations items such as the need for protection pubiic welfare. In this situation, the economist 

from one’s enemies and the desire that one’s became a particularly valuable adviser because 

children and grandchildren have enough food he was able to bring all the considerahons to- 
and clothing. Wants, said the economist, are geQier and evaluate them in terms of their 

not just the day-to-day items that arise out of nxmetary cost. Thus it occurred that the eco- 
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nomlc aspects of conservation were brought eomoraist's task— he is efjuaUy concerned w'lh 
before the American people at a rebrivelyearly the costs of attaining those goals. lo consen’a- 
date. Uon, as io other social affairs, the economist does 

Benefu$ and Cotts. In Our exploration of the not te!! us what we should want, but be can lej] 

economic aqjects of conservation, we should us how much it 'vJl cost. He must, however, 

remind ourselves that much of the content of know wdiat we want before he can tell us how 

economic analysis consists of a comparison of mudi It will cost and what benefits may be 

inputs and outputs. We have traced some of the ciqrected (Fig. 2). 

early developments that underlie the complex Changing Tfontj. The twentieth century has 
pattern of wants which die economist can con- witnessed many changes in human wants. By 

sider as defining a certain set of goals. We shall 1900. the danger of starvation was no longer a 

soon find it desirable lo examine those want pat- serious threat to the Amencan people. Mechani- 

terns in greater detail, but In the meantime let xation had brought tremendous increases In 

us pause long enough to remind ounelves that farm produebvily, and improvements In Irans- 

the identification of goals is only part of the portadon had made foods and related products 



Ha- 2 An irriJ view o( the doekj »t Be»umon«, Te«M. ibewmg tadlitiei for loechn? eulfur. 
>ome of n mnlleu, fata cmrgn boiti foe eo«rtwi« eommetee tni Jirto boejtM deetined foe movemeiil 
•tong U>e Inlnceoite] C»n»t •od op the Sfu^lufppf River. T^mpoetlnf nxitm form 

elimnuta «ie oreeurfr of rcheeling the aJfue. A net etwnon* benrft tl derived from ihb melhod 
of twuportetion, (Tewe Coif Sntphue Cwnpwiv.) 
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Fi|i- S A Kfrigarilcd trailer ui«d to Irantport periihaMe eomoKMbUc* Id plg^baclt tmire. The 
uUllalien ef the railroad for thla type e( aervico taka th* big Iturks oO the highwayi. is eepeefany 
idvaAtJgeous for long-distance movernent, and makes pooable quick detivery to the censumer » ho 
may not Use close to a railway freight yard. (Northern FociRe lUilwey Compony.) 


accessible to all sections of the country {Fig. 3). 
It began to be apparent that the greatest dangers 
to the public welfare wowld arise from the Port- 
ages of metals and of fuels to operate machines 
rather than of food to nourish the population. 
These changes in needs were reflected by the 
placing of metals and fuels higher on theprwrity 
list of needed resources. Thus we came to a 
further realization of the fact that resources 
cannot be evaluated solely in physical terms but 
must be considered in the Ii'gjit of human wants. 

Immediate and Future Caal§. Perhaps the 
matter of defining and measuring human wants 
would not give us very much trouble if we were 
concerned only with immediate wants and not 
with those that are going to appear in the future. 
Resources, of course, must be defined as items 
that are wanted, and the intensity with which 
they are wanted will govern the value fliat we 


place on the resources. So it is somewhat dis- 
concerting to realize that human wants change 
considerably from bme to time. And since these 
wants do change, it is difBcuIt indeed to forecast 
a schedule of wants so that an adequate program 
of resource provision may be constructed. 

All of us know that the structure of human 
wants Is the product of a great variety of forces. 
Some of these forces axe strictly biological and 
are concerned with the maintenance of manasa 
human being. Some of the foods we eat and 
some of the clothes we wear fall in this category, 
although probably most of our demands for food 
and clothing arise out of the culture in which we 
Eve rather than the biological needs associated 
with merely staying alive. The culture, on the 
other hand, changes constantly. We want many 
things because other people want them, and we 
do not want the same things that our fathen and 
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granctfathen wanted, nor do w e expect to 
ticc xainc (Wnpt ten jeafs ?rom (odav that «e 
want fodiy. So ific perv>n Mfto wouM tlex'riop 
a aclieduleof H-antsixfaced wttha proxpert ofa 
\rty diflicnU forecast of their cliaracterL'tlcs in 
future yean. Tbetr is. for example, the svhole 
matter of modem advertising v^hlcli dtm a great 
deal to slimuUte writnjs kinds of wants. Other 
urKvrtaJntIcs are introduced into any forecast 
by tiie changing age coinpodtfon of a {Wpnlition 
and uiiforeseeaWe ev cnti nx h as wan. slrcwglits. 
arjd ccoiwmfc d<^re«lorrt. 

Yrt we wcnild rxsl want to ronciude that the 
foreca-Mlng of wants is entirely a matter of gness- 
wotk. Certainty we feel that all of us are gotng 
to continue to eat. We are going to contrnne to 
demaitd transportation and a conslderatile 
amonul of recreation, religion, education, amf 
nnmeroiu otfier services. M'e also know that, 
regardleu of corwUenble change* In the char- 
acieristies of individual item% HKh as food, 
clothing, slieller, nwichines, and other things, 
the materials from which they will lie madelrave 
a great deal In common; so that when one get* 
down to the Bctiul lutnral resources which lie at 
the txwe of lire ecnttomic process he discovers a 
rather basic group of cficmicrds and physical 
materials tliat mint Ic ainsJdered as liasic to the 
sa(ijfac{i<7n of human sxanii. 

The floli- o/SHfuSl/ie IVojfrc**. This is not 
to say, however, lliat wc have any very good 
basis for establishing the relative importance of 
tiiese Itt-sic clement j resource*. N\'ho is to say 
what Uic relative importance of the various 
metals, iron, copjvcr, aluminum, and many 
others, will be 100 yean from now; and who I* to 
decide wlteliicr it ssill he }>esl to conserve 
petroleum at the expense of cnal, or vice versa? 
These arc llie cliangcs which conslanlly l»esct 
die economist or any odier analyst wlio tries to 
set down a list of things that are going to Iw 
needed Iri die distant future. 

Tlie student of w-ants and resources soon dis- 
covers that these consldenitiofcs apply to even 
such fundamental need* as food and clothing 
and to such fiaslc resources as soil and limber 


nipplicn. Advances in soil dieniivtry lave 
bnxij^it many changes in the economist sdaisi- 
ca) definition of land as tlie “inherent and In- 
destnMlilile {woperties of lheso3.'' Shiih ofota 
older conservution pratSice wa* liosed on tiie 
assumption dial nxli properties of the soil per- 
sist. Hut students of soil* point cnit that a rich soil 
isluslcalty one tliat pnmdev water and mineral* 
In llie rigjit proportion* to sustain plant growth 
and Utat neither water nor cfieini^s arc Inde- 
stfuctrUe in any sense of the term. 

/We eif Uelanti. XlodjffcatJons 

in rfonomie lliinkitig that have marked the 
tw-enlletlwentufy period in the Vnilcsl States 
liavc given liicxeasingly greater weight tosoclo- 
Irsliiiica) v-ariable* in the sniutiun of (he re- 
suitrces pruhletn. In partiniltr, economists have 
Iwrn trwibicd by the fact that diminishing re- 
tun** have oppeorwionly very rarely in die cen- 
tury and a quirter since Malihii* first formukitcd 
the scarcity prinrtple, and when JJiey liave ap- 
peared It has t<ecn only in veiy rcslnctcd sectors 
of the economy. Recent shnLes have shown tliat 
In tlie United States, for tsample. dunng the 
period rinse 18T0, evidenctrs of diminishing re- 
turns have appeared only in the forest products 
iiKlibtries among all type* of production Iiased 
on rutural rcsotirces; and even in the forest 
itxlmlries there is good evidence diat a suiistilu- 
tion of products liased on other re.sources («pe- 
stally minends) is rapidly alleviating such condi- 
tion* of ucardly u may luive appeured In other 
sector* of the American economy, the per capita 
av-rilal>flity of suilahle goods to meet expanding 
siemand* ha.* consistently Increased rather than 
declined In tiie periotl of rapidly increasing 
poptilalion tliat ita* m.vkesi recent decade* of 
American liistory. Limited cv'icleiice points to 
existence of Uiese same iong-nm trends in other 
ports of the world.* 

Since economists arc always eager to modify 
their snodeh to bring (hem closer to (he condi- 
tions of reality, tfieir concern over die assump- 
tton* that nmlerlay their classical scarcity nioile] 

SI(>iiL,t;Kiptrt 1. 
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has been mounting. Among these assumptions, 
the most vulnerable seems to have Iwen the no- 
tion of technological constancy, llie idea that 
man does not ‘"discover” new resources, does 
not have the ability to devise new and more 
economical ways of satisfying his wants. As a 
consequence, special efforts have been made to 
revise the classical scarcity model in ways that 
would include technology as a variable rather 
than a constant factor in economic growth. 

ffirtorfco/ Eriilenee. In spite of the convinc- 
ing mass of evidence to the contrary, however, 
there remains in the economic thinlangofinany 
people a strong conviction that absolute genet^ 
scarcity of resources is inevitable, that diminish- 
ing returns must certainly occur in the ligjit of 
the world’s rapidly expanding population and 
that within tlie foreseeable fiihire the dire pre- 
dictions of Maltbus and the other early econo- 
mists that population will outrun its means of 
subsistence w^ come to pass. It is clear (hat this 
sort of reasoning Is not supported by the facts in 
a wotld In which hundred of miUions of people 
have continued to live better and better, rather 
than worse and worse, in recent decades and in 
which there is no sound basis for predicting a 
reversal of that trend. 

Economfc Change. In addition to recogniz- 
ing the role of technolo^cal progress in tbe 
growth of modem nations, economists have also 
pointed to the need to incorporate elements of 
changing demand into their resource-use 
models. Certainly a changing society is con- 
stantly developing new products and ibe de- 
mand for them is quite capable of replaangthe 
demand for other products. Productivity has 
increased to a point where the major portion of 
the aggregate demand for goods and services in 
most parts of the world is not for the biological 
necessities of life, as envisioned by early stn- 
dents of the problem, but rather for a great 
variety of pleasurable, but not necessarily essen- 
tial, items that male twentieth century Innng 
more enjoyable. In addition, man’s inventive- 
ness has created many ways of satis^ing not 
only these culturally inspired wants but abotiie 


basic biolop’cal wants associated with the main- 
tenance of the human race. Once the basic com- 
ponents of a nutritious and hfe-sustaining diet 
has’c been established, modem consumers 
quickly discover that they can be satisfied by a 
very l^e variety of foods that can be combined 
in an almost infinite number of in t eresting ways. 
Comparable possibilities for substitution are 
available in the realms of clothing and shelter, 
in both of which areas we may choose between 
agricultural products, based on the utihzation 
of climatic and soil resources, and products of 
the forests or of tlie mines. Thus it appears that 
even in the presence of growing scarcity of a 
particular natural resource, such as timber, there 
is no appreciable hkelihood that the quantity of 
housing available to mankind win be reduced. It 
is apparent that these same facilities for sobsti- 
hiUon exist throughout tbe entire spectrum of 
human demand. U'hen these possibilities are 
coupled with the increasing rate of man's 
scientific and technological progress, it be- 
comes virtually impossible to forecast general 
scarcity in the means of life for the people of 
future generations. Certainly it seems more 
realistic to forecast a continuance of the pre- 
sumably temporary suipluses that have plagued 
the producers of many types of agricultural, 
mineral, and even forest products in tbe West- 
ern World in recent decades than to predict a 
general scarcity of all these types of goods. The 
ability to substitute products derived from one 
natural resource for those derived from another 
has made it possible to alleviate impending 
shortages in one type of resource by replacing 
products based on those resources with equally 
acceptable products based on other, more plea- 
tifril resources. And, with the promise of con- 
tinuous new discovery of such resources, the 
time of ultimate exhaustion of all of the means 
of satisfying man’s wants is pushed further and 
farther into the future — so far, in fact, that we 
find It impossible to «limate the time of its 
oecuirenee. 

The Conierralion Morement. If we must 
abandon the general scarcity principle, bow 



EfAnonucs sod Corunvalion 
Ihen shall we account for the Conservation 
Movement and its great popularity among the 
presumably enli^tened people of the mo<I»n 
world? In a word, there seems to be no le^- 
mate economic basis for defending programs of 
“wise use” of natural resources in terms ol the 
qtiandlies of goods and services that would be 
available under alternative systems of resource 
management. Clearly, that sort of defense can- 
not be made to stand up. There seem to be 
esceilent possibilities for defending and sponsor- 
ing conservation, however, on the basis of fore- 
stalling declines in the (pmlitatii'e, rather than 
the quantitative, aspects of human existence. At 
this point, we depart from the quantitative, 
relatively precise and ultimately scientiBe means 
of anal)'sli that pervade the discIpUne of eco- 
nomics and enter into the realm of esthetics, in 
which Identification and measurement of the 
'’true'* values of life become much more 
diillcult. 

E»thtiie fblue$. Perhaps we may introduce 
this phase of the conservation issue by posing a 
specific problem in public pob’cy. A recent case 
involves a beautifully forested and ertreoiely 
scenic high valley in the Colorado liociiies of 
North America. Acces to thir valley is through 
a can}^ that has long been hailed as one of the 
most beautiful in the state of Colorado. But llie 
canyon is crooked, and the highway that uses it 
is narrow, difficult, expensive to use, and some- 
what dangerous. A campaign has been launched 
to widen and straigjiten that road. Conservation- 
minded citizens insist that such a construction 
program would reduce the scenic attractiveness 
of the area and tliereby deprive society of an im- 
portant source of human satisfaction. Business 
people, and many other persons who must tra- 
verse the canyon regularly, point to the tre- 
mendous waste of time and money that could be 
prevented if the Hij^i'vay Cotninission were 
Ordered to apply their acknowledged technical 
facilities to improve that highway. If you were 
a member of llie cenunission which must decide 
such matters, bow would you vote? 

The .IfetuMrement Prohfem. WTienever we 


33 

face pR^lems involving a choice between eco- 
nomic and noneconomic values, we immediately 
encounter difficulties because the latter ordi- 
nanly cannot be expressed in quantitative form. 
How great is tiie quantum of satisfaction that 
society would receive from viewing a particu- 
tirly attractive portion of (he natural landscape? 
And how do tliose magnitudes compare with the 
amounts of satisfaction tliat soaety would re- 
reive if the rhs-senices imposed b)’ that piece of 
lemfoiy were eliminated? It seems that a fairly 
adequate estimate of the latter type of benefit 
could be made by adding together alternative 
costs of present and prospective users and coin- 
panng the totals under present and proposed 
cooditions. These estimates could then be 
related to estimated costs of the work and an 
acceptable notion of the economic feasibility of 
tbe project could be obtained. Such an estimate 
could be examined by any interested party and 
its acceptability could be establislied, because 
all values woidd be expressed quantitatively, 
probably in terms of monetary cost, and there 
could be DO disagreement as to their magnitudes. 
But when we turn to the problem of measuring 
tbe esthetic costs and benefits of the enterprise 
bow shall we proceed? 

In/oe Conjlicn. Actually, of course, the pro- 
ponents of conservation have been forced to deal 
in the kinds of values we have just envisioned. 
As a result, their appeal has been predonunantly 
emotional and they have had great difficulty 
establishing liierarchies of values when they 
have found their own desires to be in conQict. 
Is it more desirable to manage tlic resources of 
a particular area so as to maximize its useful- 
ness for hunting and fishing, or shall the area be 
devoted to other forms of recreab'oii. such as ski- 
tag or camping? Or, to introduce an economic 
molis'e, diall it be devoted to the production of 
lumber and timber products, rather than 
reneatxm^ 

Conservationists complain that whenever 
alternatives such as those we have just con- 
sdered are presented to legislatures, commis- 
rions, and other agencies that must interpret 
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social needs and determine pubLc policy, the 
verdict is likely to be favorable to the economi- 
cally expressed needs, simply because they can 
be quantified. At the same time there is almost 
umversa! approval of the goals of the conserva- 
tionists, especially in the realm of outdoor 
recreation, and it would be difficult to determine 
the validity of their complaint. 

Recreation. It is precisely in the realm of 
outdoor recreation, hou'cver, that greatest con- 
sensus has been achieved among citizens of the 
United Stales as to the rebtive merit of con- 
servation. Surely it cannot be measured, but one 
of the strongest tenets of American society bolds 
that life in the great out-of-doors is better than 
life indoors, particularly in the large <aty. We 
believe that fanning is inherently a better way 
of life than can be found in the city, and we are 
wUling to subsidize that occupation in the same 
manner as we provide public and private funds 
to assure children and adults the facilities for 
spending a portion of their summers each year 
in the nonurban atmosphere of the camp, the 
national park or forest, or other public or private 
recreation area. If these facilities are to have the 
desired therapeutic inlue, ue faai'e reasoned, 
they must be preserved in a manner that some- 
what resembles their ori^nal natural state, and 
certainly we must resist alternative courses of 
action that would impair the usefulness of those 
areas for recreational purpwes. Since nearly all 
such proposed uses are economic, there is coo- 
tinuous controversy between posited economic 
and esthetic values. These confiicts are always 
difficult to adjudicate by pubbe agencies be- 
cause there are presently no ways of accurately 
comparing the magnitudes of the two sorts of 
values. In recent years, however. Conservation- 
ists have been kept comparatively hap[^’ by the 
declme in the economic need to occupy many 
portions of our land area and by the increasii^ 
affluence of a society which continues to devote 
more and more of its income to the provision of 
outdoor recreational facihties. These same 
tendencies may be observed in virtually every 
aspect of public pohey in which ideologtcal con- 


flict concerning the utilization of resources have 
appeared. 

The Place of Economic! in Conjerrnlion 
Pragramt. In view of these circumstances, it is 
easy to see why this book should lie devoted al- 
most entirely to problems of appraising the im- 
portance of various types of physical resources 
in the light of various interpretations of the 
strwtture of the aggregate human demand for 
goods and services. As a practitioner, the con- 
servationist must reckon continuously with the 
chan^ng character of human needs and desires, 
and must devise ways of evaluating them in such 
a manner as to pbee them in hierarchies that 
exhibit varying degrees of social desirability. He 
must also be able to Identify and measure the 
resources available /or use in the satisfaction of 
human wants. We have already discovered that 
some of those wants can be evaluated in terms 
of traditional economic thlnldng, but that many 
of them cannot. It is in this larger frame of refer- 
ence. that includes both pecuniary and non- 
pecuniary values, that the conservationist must 
operate when he attempts to contemplate the 
relative "wisdom” that lies in competing pro- 
posals for "ivise use” of various types of natural 
resources. 

it%renioriei of Needs and Raources. Even- 
tuafly, in the pursuit of the goals of conservation 
analysis, it becomes necessary to measure both 
needs and resources. These measurements, as 
we have seen, are apt to be extremely difficult 
to accomplish, because our society has not de- 
veloped very precise ideas concerning the rela- 
tiveimpartanceofeitherneedsorresources The 
fact remains, however, that quantitative esti- 
mates of both these elements must be provided 
because of the recurrent necessity for imple- 
menting pubhc policy through the enactment 
of laws and other measures designed to promote 
the pubhc interest 

Great efforts have been made to forecast 
future trends in the needs and resources of the 
American people. The composition of these fore- 
casts IS illuminating because it reveals the maze 
of contradictory forces that must be considered 
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in any fijrecast of rewitrce utilization. On the 
demand side we may Iwgin, let us say, with a 
Rowing population, and we set alwut the task 
of estimating its size unci cuinposition at some 
period perhaps 50 or 100 years hence. Neat 
wc go alxiul the task of fecthng, clothing, 
housing, and otlicrwisc caring for that popts- 
iation. ^^’hat will llicy need In the way of 
buildings, antomolules. and battleships, and a 
thousand and one other goods and scrsices? 
Eventually we strike a total and Iscgin looking 
alnut for means of satisfying lliose needs. Will 
we have full emplojTOenl? How many acres of 
farmland and barrels of oil will be needed? Aiul 
wlut is the probable supply of these commodi- 
ties? Engineers can esUnute the producUvliy 
of an acre of farmland or of an oil well with great 
prreidon if we permit them to assume that cer- 
tain technniues of production will |jc cmployesl. 
But nolxxly can tell us how production wffl l>e 
affected if a new' Unci of fertilizer ora new way 
of drilling wcllr h found practicable. So the in- 
ventones of needs and resources become obso- 
lete In 8 short while Isecaase of changes In 
tedinology and soda) conditions. And we can 
Iwgin to see the basts for Erich Zimm^rmanns 
statement: Each generation must ce-appraise its 
resources.^ 

TVie fk^nomfe C/tarncferiillc* of .><rfufw/ 
lieiourcts. ^Vhcn we examine resources, we 
soon discover two very different types. On the 
one iiand, wo have fund resources, such as coal 
and petroleum, which may be u.sed oidy once 
and cannot be renewed, on the other, w'e have 
flow’ resources, such as runfall and sunshine 
which are renewed continuously. In the former, 
we mast consider ourselves essenoally as (he 
custodians of a storehou.se in whidi a vahtable 
stockpile of commodities is Iioused. Tins stocJc 
cannot be expanded, and our task Is to deter- 
nune the rales at which it may be removrf m 
order to provide a fnarimum of vvant satisfac- 
tion to the people who own it. W'e realize, of 

» Erich W. ZEmnuTtiunn, WorU Rr»oijr«» onJ Wwlrirt, 
Herised Edition, New Toii, 1951, Chapter 1. 
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course, tliat these goods liavc no value wlutso- 
ever until we convert them for human use; but 
we are beset with the problem of deciding whidt 
of the many compeiiiig uses sfiall fie satisfied. 
With the fund resources, this problem is espe- 
cially acute because the dimensions of Uic stock- 
pile arc (juile definite, but the time period over 
which the slock will he needed is impossible to 
predict. Conservation of the flow resources obvi- 
otidy presents very different problems from the 
conservation of fund resources. A great many 
l^o^od resources, such as timber, fish, and 
game, may be exploited almost to the point of 
exhaustion; but the slock of tlicse resources may 
he renewed through proper marragement prac- 
tices (Rg. 4). Soils have many of the qualiHes of 
both the hmd and flow resources and thus pre- 
sent peculiarly complex problems. Soils, for 
example, will suffer Uie fate of fund resources if 
removed by ensitm. But, as flow resources, 
soils may have their productivity reduced or 
depleted yet sliU be cajnble of l«>ng restored 
to tbeir origina} productivity through proper 
management practices. 

It aiders that the cooservation of fund re- 
sources invidves, almost inevitably, some post- 
ponement of current consumption in recogni- 
tion of hihire needs. W'ith flow’ resources, on the 
other hand, the primary problem seems to be 
obtaining fnaximum yields without seriously 
impairing the productivity of the resources. 
From the economic point of view, the conserva- 
tion of fund resources ts primarily a matter of 
weigliing present and future needs, regulating 
the rate of exploitation accordingly, and dimin- 
ishing waste as much as possible. 

PCTBOLEUM coNSEnVATioN. The changing 
nature of needs and resources and their puzzling 
economic consequences are exemphfled in the 
petroleum mdustry. In the early days of this 
inchutiy. need for petroleum products was ex- 
tremely linuted, Iwing confined largely to uses 
for household illumination. Later, petroleum 
became an essential feature of a new era of 
tr an spir t ation that revolutionized human exist- 
ence. Afodem nations would be ineffective in 





n^. 4 An aerial licw of tbc M cjerharviMr liimbrt m 
iu« of a cimilar water area lor the alon^ of the tinsi 
her already cot ii protected from rapid decay by lhi> oretbod of itorage. (Noitlien 
Companr.) 


peace or star vtilhout gasoline and other liquid 
fuels. Thus the need tm expanded enormously 
and every modem nation is constantly scardi- 
ing for better ways to insure itself a future sup- 
ply of this commodity. 

I’etroleum is one of the fund resources — It is 
exliaustible and nonrcnewable. But note what 
lias happened to the fund! An early textbook in 
conservation quoted the prediction that “at 
present rates of consumption, petroleum re- 
serves will 1* exhausted by the year 1923 l” 
Wliat has happened^ The estimate was authori- 
tative. the bnt obtainable in 1910. But at no 
lime do estimalors have a way of reckoning with 


future technological changes that are destined 
to expand the fund of proven petroleum re- 
serves: Progress has been so steady that we have 
almost stopped talking about the need of sub- 
stituting cod and other fuek for petroleum in 
the interests of conservation Military experts 
have virtually abandoned plans to store oil for 
use in future emergencies — and the only peace- 
bme restrictions on the use of gasoline en- 
countered by the American motorist are those 
unposed by tlie amount of money dial is in his 
pocketbook when he arrives at the filling station! 

fnernfiref fo Inrention anti Exploralion. 
The meclianisms employed by a pncenlirected 
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fcononiy lo promote coa’icmilion In Cftsesfudt 
as these are wortliy of cnrcftil study. In tfiecase 
of petroleum, for example, the espandjn!; newb 
mentioned pre\Tmisly were reflcclwl In In- 
CTeases in price. Higher prices attracted capital 
and hlior to the petroleum induslry and en- 
couraged the deselopmenl of a great s«riely 
of technological improwmenls that expanded 
the hind of petroleum reserves enormously. Oil 
men confidently predicted that they w-ould con- 
tinue to find more oi1 as tong as t!ie price w-as 
h/^ enough to pay ifiern for taling the lists 
involved in exploration and development. Their 
predictions came Intc, and in this fashion the 
price-directed economy created an ample sup- 
ply of these resources, enough to cure for tlie 
expanding needs of the people. 

But suppose that the search for new sources 
of ell had not been successful. How would the 
economy have reacted? We know tlial, before 
this new era of sfiscovery, good progress had 
already Iwen made fn the development c«f sub- 
stitutes, so that as soon o-s the price of petroleum 
rises to a certain level, a rapid development of 
industries devoted to the extraction of oil from 
oil shale, the transfonnation of coal into lirjuid 
fuel, and the probable application of atomic 
energy to tasks nmv performed by petroleum 
products will lake place. The development of 
sulMtlliites has served either to increase the 
availability or to diminish the need for nearly aO 
the fund resources. In a price-directed economy 
these developments arc presumed to appw 
automatically whenever scarcity and expanding 
demand combine to raise prices to levels at 
which the risk of developing new products ap- 
pears to be worth taking 

Petroleum is a prime example of a resource 
for which tlie fund has been increased at a faster 


rate than the need has eiparided. Wc arc not at 
all sure that etiuivalenl expansipn can be al- 
Ulned in the funds of other minerals, such as 
tin, lead, copper, and iron. In aU these 
however, the drive to find r«w sources an^ 
develop subslJtutra will become strong when- 
ever price* rise enough- 

The Henetcnhle Uenoarcei. We have alreaify 


olrsmed that the prinury problem oj 
fng the flow resources invuN-cs mei 

rigned to assure the niaintrnanccf 

rcsoitfce*. Some of the simplest examples of the 
economic aspects of resource utilization of these 
resoufcrs may !« found in tlie studies of prolv 
lems arising from the needs for supplying 
present-day societies with w-ater. 

WATER. We are familiar with the fact that 
needs for water have varied enormously, lioUi 
geographically and historically. Inhabitants of 
arid bndt have generally lailued water very 
hiiddy* xsberens tlic peoples of humid lands have 
ordinarily considered it either a nuisance or. at 
best, a “(rce good." so abundant that it could 
be used in unlimited amounts by aQ the people. 
But in recent years llie uses of wxitrr have ex- 
panded M mud) that modem nations must now 
cortslder how available supplies shall be allo- 
cated among a large number of competing users. 

Water is a prime example of a renewable 
resource. There is, in fact, bltle that w« could 
do to keep our suppbes from being renewed 
through the processes of predpitation. Further- 
more. these nipplles are mostly free from con- 
tamination. so that the pnxiuct as received has 
a uniformly high quabty. But, except In agricul- 
ture. very little rainwater is used directly by 
man, wi» depends almost exclusively for hu 
supplies of this commodity on water that is 
stored on or near the earth's surface. Such stor- 
age areas are rather easily contaminated or 
destroyed, so that the natural product is easily 
rendered useless to the hordes of nonagncul- 
liiral users who have developed important needs 
for it. Thus the flow of this resource continues, 
Init its availability is duninished, and a condi- 
tion of scarcity lias arisen. Some means must 
therefore l*c found to determine how these 
scarce resources shall be allocated to the com- 
peting uses and what steps shall be taken to 
maintain supplies at optimum levels, 

BiococtCAL RESOURCES. Certainly the most 
prominent of the flow rraources are the biologi- 
cal resources— Including forests, animals, and 
fish— and soils (whidi also have an essentially 
bfological character). The distinguishing char- 
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acteristic of these resources is that man can do 
much to alter their rate of flow. ^Ve know, of 
course, that trees keep growing, that fish con- 
tinue to spasvn, and that microorganisms keep 
transforming minerals into soil. But the rates at 
which these tdianges occur can be altered coi»- 
siderably, so that the supply that becomes 
available depends to no sm^ degree on how 
these resources are managed. There is. further- 
more, a considerable element of storage in most 
of these processes, so that man frequently has a 
choice of cutting trees, catching fish, or utilizing 
soils rapidly or slowly. In so doing, he can doose 
betsveen destroying post accumulations, merely 
consuming current additions, Qr saving portions 
of the current production for future use. In aB 
these instances, choices must be made between 
altemalis-e uses, both present and future, of 
these resources. 

Economic .iro(fr<ician. To the individual 
preperty owner, the sodal imposition of con- 
servation practices is likely to be considerably 
more onerous for flow resources than for fund 
resources. The property owner wiD often con- 
sider the selection of ways and means of manag- 
ing renewable resources as pre-emlnendy a 
matter for exercise of his own individual judg- 
ment; be will resent the imposition of social 
values which forbid him to cut down his own 
trees or cultivate and plant his land as be sees 
fit. How shall our society overcome this resist- 
ance? 

We may approach this problem best by re- 
calling that, in America, the tasks of resource 
allocatioa are performed by the pricing ^rstem. 
Other peoples, and we ourselves, have occasion- 
ally used rationing or other methods to perform 
this task, but in America the basic ideology has 
always stated that resources shall be allocated 
to those who will pay the highest prices for 
them. We have seen how these attitudes grew 
up along with another set that states that indi- 
viduals shall not be permitted to perform acts 
contrary to the public interest (even if the prks 
ing system does give them the power to do so). 

in general, the American people have pre- 
ferred those measures that would encou^^ 


individuab to act in the public interest to those 
that would prohibit them from acting against it. 
That encouragement has generally had a finan- 
ctial character and has been designed to make 
the socially desirable action more profitable 
than its undesirable alternative. 

Ideniijicitlion of Soeial Seeds. Social needs 
must be defined, formulated, and measured 
before intelligent conservation measures can be 
underiaken. In our society this formulation of 
definitions of social need is influenced by a 
variety of agencies, notably the family, the 
school, and the diurch. But public attitudes are 
also influenced by the activities of many public 
and private agencies whose purposes are to 
persuade citizens to favor programs and policies 
that are of special interest to the sponsors and 
patrons of those agencies. One would expect 
many of these interests to be in conflict. Even 
the most ardent conservationists soon discover 
that to conserve one thing may mean to destroy 
something else, so that there are many con- 
flicts among those who hold different views of 
the nature of pubbe interest. 

We have seen that. In America, this body of 
public opinion will certainly be based to a 
greater or lesser extent on economic considera- 
tions. A great variety of wants wiH have been 
considered and evaluated in ways that will indi- 
cate iheir relahve importance to the American 
people. These summations of social needs may 
then be related to lists of resources and the 
whole matter translated into public policy by 
governmental agenaes. After these needs have 
been defined and means for satisfying them 
have been decreed, however, an important 
questma remains to be answered. "Haw shall 
these measures be enforced?” 

Boniue*, Subsidies, and Benefit Payments. 
We have already intimated that many of the 
activities demanded in the public mterest can 
not be performed at a profit by the private 
owroers of the various resources. We also know 
dial the American people have shown great 
preference for an economic system in which 
ie»urces are owned and managed by pnvate 
individuals Government owmership and man- 
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ajyment haw lurm »eWt«! In a \rry fr*- In- 
»tanew, notary in lh^ attmpt In we tat ffc- 
ftatiorui ncwh in Ihc N'attniul TarV *>-%tcra and 
in a variety o( tJefense adlvUlei. Omemment 
nipmhirm ol Jrawn to private iiuhvi^fnalr tot 
erploitatiw Kav l«vn in criimertfon 

vvith tutkmal fortsU ar«l jpJv-tnxinent nn^ 
bntU, ttut. for inMl of the translation of pnhltc 
demands Into conwA-atkin pnrtiiw. the 
Amcriean people have rcited on rlevlces llial 
male the desirrsl praclk«s appear more profit* 
ahle — an<l iherefiite nwre attracrit'e— to the 
private owners of tliuse resources. Anmnj* these 
private osswn, the largest at*d most si^lficant 
group has la-en lr» agricsiltiire. 

Soil CnR*err<irfon, f’armerj of America have 
been pUjpsctlly many proUems, most o( which 
are concerned «1fJj hw price* for thrirpimbrct* 
trK} hij^ costs of pnxhirtiflA. Tut tfte farmen 
We also the owmen of the sMt. one of the le* 
s«irer* Out pulJie policy Insist* must !« con- 
Wfted in the infcrwti of future geoeratlom. 
Soil conservation l»as therefore IxKome a major 
Interest of fcslcral, *tale, arwt local government* 
in the United Stale*. 

1V« hase indJeatesI that the soils preMem Is 
eompllcalesl hy the fact that soils represent l>oth 
fund anti flow tesosirces. The soils ’'funsl"* may 
l)c complelely destrojed through crosioa or the 
'■flow*’ may merely tic rediiced hy sleplctiosi 
Ihrough 5 >oor soils management practices. BoU» 
aspects of tlie prohlem have l>een attached liy 
gos'cnimentaJ agencie*, arxl In both trrjtance* 
Hie procedure !us lieen to stimulate conserva- 
tion practice* liy making them appear more 
profilaWe than alternative practices to the In- 
dmdual farmer. 

In implementing these ptogranw, several 
kinds of sulisidiM have liccn provided. In their 
attempts to reduce erosion, governmental agen- 
cies liave given extensive financial ahl to farmers 
who would in-stall dams and otiier preventive 
devices. Tliey have also given financial encottr- 
agemeril to local agencies llrat would promote 
conservation and take steps to enforce loeaOy 
approved coaservation mcassircs hy legyil 
means. In the attack on soil depletion, the whole 


program has l>een compLcaleil by the generally 
»etiept«l diesis that overproduction has kqtt 
price* loss'. There has. nevertliclMS. Iieen a con- 
dstenl elTort to poy Immiscs to farmers who 
devote part of their bods la those crop* that 
watt not induce erosinn and (hat svill also arrest 
ilcpirtion. Tlie same result has l>ern sou^it 
very oflen liy price-firing ichernes in nhich 
the grts'rmment (mslcruke* to maintain prices 
at higher IcvtIs for soil-conserving crop* tlran 
terr tluxe that have harmful rlTccts on the soil. 
In all these scliemes, howeser. the primary 
emphasis tias lieen on making conservation 
practice* appear profitable to the inibvldiial 
bndhohling farm operator. 

CTTJrtn tNCTNTivx*. Similar incentives arc 
esmmon in other aspects of the conservation 
program. In forested area*, for example, it Is an 
accepted practice to keep yearly tores at low 
fevets and sulwtitute ■ heavy sevTrance tax when 
the tree* are actually hai^trd. Many states 
foOow Uds practice in taxing minerol land*. 
Oovernment services in policing fisheries, for- 
est* ami other area.*, to promote (velter coa*e^ 
vatlon practice*, arc well known, Tlie subsidy 
it a wrll-estalJldied aspect of the American 
comervatlon program. 

cmiyji ivnucCMF-NT*. The ecnmmlM is 
■hvays sniioiK to point to the fact that thepay- 
nient of subsidies h not always the most suc- 
cessful or even the most economical way to 
bring a1>out the adoption of conservation mea.v 
nrr* by the owners of private propenirs. He 
will point wit, for example, that in many cases 
these owner* could actually eniuince Uiefr in- 
come* by practicing conservation and are kept 
ittm floing so liy sheer Ignorance. Under these 
circumstances the payment of xiihsiclies would 
lie a social waste, and society certainly could 
get much more for its money if it were to spend 
It to educate tJiose property holders. 

There is also much evidence that wasteful 
exploitation often occurs Iwcaiusc of lack of 
security on the operator’s part. Farm tenants 
are ohen led to mismanage the soil so Utat they 
can make as much money as possible in a short 
time and then move to another fann. Renters 
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of mineral claims often behave in the same way. 
It seems that means taien to lengthen the period 
of troaney and to increase the security and 
level of li^g of the operators might be very 
effective in promoting the acceptance of conser- 
vation practices. These same effects could also 
be produced in many cases by reducing other 
costs of ownership, especially interest rates. All 
these alternatives must be considered by the 
economist as he prepares his estimab'ans of how 
the desired goals may be achieved at miidcnum 
social cost. 


SU5151ARY 

By way of summary, we see the interaction 
of economics and conservation operating at 
two difiereat levels. On one of these levels we 
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find the economist defining conservation in 
terms of flie identification of human needs and 
the allocation of resources to satisfy those needs. 
On the other level, the economist is concerned 
with finding the most economical ways of attain- 
ing sm-iril goals, wiiith have been established to 
resolve the means-resources problems, dis- 
covered in the earlier phases of his investiga- 
tkms. In these ways the science of economics 
serves first to help people define eonservab'OTJ 
problems in ways that will provide a basis for 
the fonsulab'oo of intelligent pubh’c policies; 
and second, to determine the relative costs of 
alternative methods of carrying out those poli- 
cies. In all instances the economist serves essen- 
tially as an adviser to those who must detennine 
the content of public policy concerning con- 
servation and all other nutters involving con- 
flict* between pubic and private interests. 
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The Great Soil Groups 
orirf Their XJtilisatioa 
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TiMr I. 


CJre>wp-» 

CJmuilc 

.Verrtte li-grtofton 

I'rulurfi 

Vte 

PocbxiU 

Cool, hiutiu! 

Comfcrmis, haid- 
wood, or muni 
vonlf. and larilwootl 

Tlun. dark topsoil, gray 
up(>er soil. colTce-brown 
sultfoil. itroiigly acid, 
low natural fertility 

Chiefly forest. wiUCife. 
rccTeatkm Local "is- 
lands" of agr. (dairy, 
licef. root crops, 
pasture) 

Cray-wwKlfd 

S.imc 

Same 

From fine leal. calc, 
parent materials, thick, 
(^ay apper (oit. talc, 
lower sulisoil, often 
grade brio potLcoU 

Forest, recreation, 
limited agr. (dairy 
fanning, hay. gram) 

Area-s of liciter land 

In pod/ot region 

Cray-brown 

piHlzc^c 

lluirad, mid- 
btidule 

Dccid. forevi (oal, 
hickory, lieecb. 
nuple). ondcrslory: 
slinilu. heriii 

'n>in, dark topsoil, gray* 
linmn bghler<t)loml 
upper itni. heavier, 
btowTt nilwoil, tnexL 
acid, productivity bigli 
under gtnl manacemenl 

Ifigldy disernfied agr 
(grams, forage, root 
crops, fnul. dairy, beef, 
etc.). woosBots. forwt in 
rrisigh areas 

podzobc 

lluimd, cool- 
Icrnpcnture 

DecicL, cotuf, or 
mued forest 

Famt aihy-gtay or toUce 
linrwn honzoni, or afw 
sent; sulnodt only 
dightly heavier; often 
gratle Into poslaols 

Orchard, dairying, trodi. 
woodland, suburlian 

Soli bruni 

Same 

Hardwtjuds. beech, 
oak. maple 

Acid sods, from noncalc 
formatioas. low In plant 
nutrients 

Forest, pasture, general 
fanning 

SubaicCic 

Short snnimet 
long winter 

, Boreal forest 

Brown, relatively un- 
leachesk low iii clav. 
vanaUe permafrost 

Forest, bmited agr 
(grains, vegetables, 
pasture) 

Rcd-yellow 

podzolic 

Humid, 

subtropical 

Comf., dead . and 

Bleached U{^r soil, red 
or yellow heavier luS- 
iod. low to medium 
natural fertikty 

Ibgh prop m forest, 
large "islands' in spec 
crops (cotton, tobacco, 
peanuts, fruits, vege- 
tables) 

Lalosols 

Ramy, tropic 
ai>d subtropii 

al. Tropic and subtroptc 
cal forest, in mid'lat 
w estern pme (nest, 
Douglas fir. redwoods 

Red. yellow, and brown, 
highly fnable clan's, deep, 
rebcidated subsoils 

Tropical agr (sugar, 
pineapple, citrus, etc 1 
tree crops, forest, 
recreation 
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Table 3* Olhen 


Croiipi 

Climate 

Nflfice Vegrtrtum 

Features 

Use 

Brunizems, 
incl. reddiih 

MumiJ mid- 
la titude 

Tall praine grasses, 
locally scattered 
trees and shrubs 

One to 2 feel very dark 
granular upper sod, brown 
subsoil, sli^tly heavier; 
high natural fertihty 

“Com belt" farming m 
Midwest, cotton, wheat, 
gram sorghum in 
southern plains 

Tundra 


Mosses, lichens. 

Dart: brown peaty surf.. 

brown coarse silt, 
httle eby, mottled sub- 
sod. pennahost 

Reindeer pasture 

Grujnasok 

Humid mid- 
labtude 

Prairie grass 

Very dark brown, heavy 
calc, days; crumb struc- 
ture, gllgai relief 

Cotton, sorghum, wheal, 
gtazmg 

Non calcic 
brown 

Medium to 
b)w winter 
ram. dry 
summers 

Crass with scattered 

Brown to reddish brown, 
hcavter. noacalc sub- 
soils 

Crain, grazing; fruit 
under irrigation 

PUnosols 

Humid, *td> 
humid, mid- 
latitude to 
luLtropic 

Both forest and 
pcame grtses 

Strongly leached nirfac«. 
daypan ot indurated 
subsoQs 

Same crops as normal 
soils, but yields more 
limited. 

Hytlromorphic 

Mid-libtude 
to siibUopical 
bumid 

Swamp, forest, 
grasses, sedges 

Cleys. marshlands, 
groundwater podzols, 
peats, mucks 

Forest wildlife, pasture, 
special crops (nee. 

Sugar cane, celery, 
truck, mint hemes, etc.) 

Sandhills 

And to semi- 

Bare to thin stand 
of gravies, shnibs 

Deep, dry sand dunes, 
sandy valleys, lakes 

Cnaong. wildlde 

ADuvial 

{iiunid 

Cruse* to forest 

Similar, ui general, to 
soils of drainage basin, 
hi^ fertditv 

Highly productive. 

fauVeas 

Moimtainoiis 

And to butnid 

Bare to forested 

Thin, stony 

Forest, grazing. 


organic matter and iron left ibe ti{^>eT Soil 
bleaehetl and white in color,^ but made the 
sulisad » peculiar, dark caSee-bmwn color 
(Fig. 3). Moreo\-er, the iron compounds and 
organic matter often acted as cements to form 
hard lumps or heavy or hardpan ta)ers in the 

*Tl«c !igh« g»a* •oa nulctui loubi He fine eahes. Fodeot, 
sgniFjing wKHc. k a (iJk name for smOar gray wilt n 
naflKcn C-S.S.!t, icientuts have adopted it Cndengv^lc 
loSi o( dmilai charader ihioud>oul the world. 


subsoih sod scientists call the layers ortstein, 
from the German word for local stone. 

These sandy, ash-gray soils with coflee-browii 
subsoils contain relatively little clay,* are acid m 
reaction (m terms of soils), and are low in plant 

*The day particle* are the duet active miAcra] compo* 
nenti el Kali. They have chemical and ptivneal pmpertie* 
which enable them to iilf up. bold, and relcue plant notrl- 
eviti. and to retain water Their capacity lo reac* dcpendi 






Qoww Q»w»<» » 


„„,He„t..Tl,eyoc»pyl»>h„.a^*;^ 

Stoniness is common. Many m 
organic soils, and p«r y . , cJUs-a- 

men the virgin soi w broug ^ 

lion, the forest litter, c upper part 

,h. gray “dl= “PP«”^ "i;; ta 

of the coffee-br^ i^miutthenbelimedand 

the plowed soil The SOI agncidwral 

temped to mate M 

capaclty. Most ,,^,y taapHog. 

and late soils. Tn y ^ _ tetiuue 

\Vhere ortitelns occim. li" sods >" ? 
drainage. 


Enriy Vie. The ertensive timber resonrce^f 
the podzols were this soil’s first big crop. 
N^J^and timber helped develop 
S^HiilIng indv^try of the ^stem seaW 
•n»; Great Lakes lumlier helped supply and 

Wd op th. g,«l “'Ir; ““Sr»d for 

^es.“t.r; m.?s«sor.nfd.^ 

’^^amicidtSd use of Uieso lands in oolong 

Ji m New England was almost sAolly rf- 

rffcrerrt but of rather short 

lands west of Uie Appalaoh.ans were openrf 

tor mltlemoil, nlsarsdonment was 

The simdy add soils with them low natural ter 



n« 2 Acmraulition of fr«b d«bnt on the forett toot of ^ 

. lciv>\, eoBdttins of U.v.t (oWofly). fw(p. br*oob«. dteompo^d orjaDic B.tenid ^ 

flowTn, »nd fniJtj of bolb B«« «ad «nd»rgro»^ More oround the rectj of lie tree. ^ 


Profile of • podiol. An eicepbonoUy thick leytr rf 


then • ton of dry weight per «« 


grey or bleiched boriioo, one of the djrtngulshiog 
of podzols. The dark brewo or “coffeo brown- nibsoa tt 
partbily masked by debris fallen on this roadside cut 



tility. general stoniness, and short growing sea- 
son were no match for the gray-brotvn and 
praine soils of the Mississippi V^ey (Fig- 
The first clearings in the Great Lakes pod- 
zols were chiefly patchy, and their development 
was incidental to mining or lumbering Hay was 
in great demand for work stock of the lumber- 
man. Many wmter lumberjacks took advantage 
of this nearby market and became hay farmers 

during the summer. After the lumbering epoch. 

efforts were made to stimulate farming, but the 
sandy soils, with their short summers and remote 
locarions. were not generally suited to farming- 
Much of the land was soon abandoned. 

Clearings m the western podzob have been 
neghgible. and those that have been made are 
chiefly for pasture. 


The Crenl Soil Croups snd Tlieir XJUliution 

IWnt M K.*- Todny, farolns Is slOl 
tailteJ in the podzol leglom. Es»pt or 
„,le dslT- torn, in the less nigg^ 
the Aroostook potato areas of 
Maitte sshidi toe esceptioniJ “ 

heavily fertihzed. the rogged 
Highlands are viitoally empty lands 
^ed primarily to forestry, 
tion. Here mid there are old 
ohlch nonresidents have purchasetl for seasonal 

Presentslay agiicnlture in tlie 
podzol region eontinues to Im 
leted. A very large part of tire area is W 
m,d m.-cupicd by lake,. However, 
responsive to comtiueOve ft- W 

make good root crop, pasture, fi , p 
beet cmtle land when piopeily toed and 
Ulized. 


Ir.,,. end nVMfi- ''“"n |e„,. 

land,- Of agriculture, the todamenrf. 
term value of the podzol regron to IB t" 

estry, wildlife, and recrealtonal tesoute«. 

“Se tod B »a<to»y tf1nc°. S'oni 

Uons of acres of forest Ian • . erenow' 

after being ml over and |a'«^ 5,’^eonhdeorble 
growing a „w„enbip (tedenJ. 

;Sd”,^).h™';.asde^|-^^^^^^ 

chase. Moreover, much of the on 

corporations, is now being large y 
a -erop ■ and not "'P’*''™ ^ ;,.es dneHy 
The pulpwood growth annual cut 

stnall-sized trees now wc ^ niaturity. 

The annual g^oulh read ® annual 

however, is still Un,e is necessary 

saw-tinibcr cut, since m cutting«“- 

for these trees to *ousands olbabiUt 

"he podzol regions have berlavcwe^ 

orabrforwaldhfe.Deerando^^^ 

now thrive on the grasses, Part- 

browse that spring up ecrowlbisindh- 

doxically, however, tlie nes .j populated 

ing such gains in P berWetdes. 

by deer that control!^ rrhantable stock 

meclianical culling of nonmerc 


an: Mug increadngjy used to 
genemtion and promote "“f 
slai.’alion. Even so, thousands of deer prttsli 
urmuilly during ths mter for latk of brow^ 
Sell,. Them sods develop^ 

rd'SS^”£;tomaterii.P— H 

(acid leaching) »ns therefore more limited, and 
riie soils are naturally more pmduthve. 

They resemble the podzols in having whitish 

iSSSSfB 

»utLrin5Uumb,oi.m(no.eolf.eb,Oim) 

i.^n< that arc moderately heavier than the 
”p^r soils and are usuaUy underlain by cal- 

“Si;," £y°of there red. b ijerih™ 
MhinesoU, where the tod is generaUy In ,e^ 
™»1h in the north but ele.red and 
loS and hay in the reulb. ’’■”“8'^“"', '^ 
1 aVp Stales cray-wooded soils form 

X « it, a region rfothen 

wbe relaUvcly poor agncullwal soils. They are 
used chiefly for dair>^g aud Lveslock. 


CKAY-TJItO\t'N PODZOLIC SOILS 

The prinapal area of these soils lies immed)^ 
aiely south of the podzols in the 1^^ States. 

S^sods are termed “podzobc because d,e 

DTOcess of fonnabon was similar to that of the 
tndxoK but the action was less intense. 

The climate under which the gray- ro 
podzolic sods developed averaged , 

Ser than that of the podzols, The namral 

^ vegeUtion was mamly deciduous forest mth an 



CotiMnilHm of Nature Roourm 


S4 



Flf- 6 A gny-bfowTi podulieUTid>eip(. \Mwnp«(cl<4«(i{nclrroum (DoUibt prarticr bm). 
thii group ef toili i> unnupuM^ in iu *gri«u]evfnl ficrikncr. (^oO Conifnvbm Sm-k«.) 


Many areas are being subutbanized (Fig. 7). 

Soli Brun* AeUUt (Add Droira Forftt 
Soih). As the name indicates (adopted from 
Belgium), these brown soils are charecterislie- 
ally acid. They were formed chiefly from non- 
calcareous formations, such as acid shales and 
sandstones. Allhou^ showing intense weather- 
ing, their subsoils, unlike those of gray-brown 
soils, are not decidedly heavier-textu^ than 
the upper horizons. The soils are low in fdan! 
nutrients, however. 

The main area including these soils, com- 
mingled with other podzolic and hthosohe 
mountain soils, eitends from southern NewYoric 
southwestward through the Appalachians into 
Tennessee. Topography as well as fertility limits 
productivity. Much of the land is in forest 
Cleared land is used for pasture, dairying, gen- 
eral faiming, or specialized crops such as fruit 
or buckwheat (Fig 8). 

Subarclie Bmirn Forest Soils. These high 
latitude sods of Central Alaska resemtrfc the 
brown forest soils of the middle latitudes and to 


smne extent the podzols. The virgin soil* are 
mantled with mosses and acid organic litter 
from the Boreal forest, analogous to ^e podzols. 
But the soils bek the ashy-gray and coffee- 
brown horizons of the podzols, although they 
are often closely associated with them. They are 
brown in color, rebtively uideaehed. acid, and 
characteristically bw in cby in rebtion to silt 
and sand, since chemical weathering is very 
limited in this climate. 

The soils are generally cold below 18 inches. 
Some are underlain by permafrost. They con- 
stitute the chief agriculture lands of Central 
Alaska. They make good pasture and are sur- 
prisingly productive of adapted grains and 
vegetables under the long day but short summer 
season of this region (Fig. 9) 

yonagricultural Lands. As already indi- 
cated, all these brown forest groups indude 
areas of sandy land, rugged and rocky bnd, 
steeply sloping lands, lands costly to clear or 
drain, land subject to drou^t or unseasonable 
frosts, or bnd isobted from markets. As in ih^ 
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podiols, these lards are best utilized 5or forestiy, 
svildLfe, and recyealion, and svhere accessible 
to population centers, for rural residence, in- 
dustry, and commercial enterprises. The great- 
est concentrations are in the Appakdiians, 
Rocky Mountains, and PaciGc areas, but they 
are scattered everywhere among the good farm 
lands. 

THE RED-YELLOV PODZOLIC CROUPS 
Red and yellow soils are typical of the south- 
eastern states. The two soils are allied and fre- 
quently closely associated. Each Is named after 
the color of tlie subsoil. 


Hie red soils have Ueacbed (that is, pod- 
zdired) yellow-red or yellowidi-gray upper soils 
and dayey reddish subsoils. Tliey generally 
mantle the more undulating, sloping or hilly 
lands of the region. Their original cover was 
chiefly deciduous forest with local inistures of 
comferous trees. 

The yellow podzohe soils have bleached, 
^yidi-yellow upper horizons and yellowish 
subsoib that are more clayey. They occupy 
chiefly the level divides of the Coastal Plains 
and smooth uplands of the eastern Piedmont, 
extending southwurd from Pennsylvania. Hie 
native vegetation was generally coniferous 
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I1«. 8 SttpcroppJnjinli«<li»et«<lApp*bcliUnPUl«au.T1ier»gi*oiBel»d»bod)Hcfj»du>U 

rt^jaOow podaoUc, and other st«up> aa well ai »ts brwM addn, (derived primanJy frera U>e add 
reclu). Many of the steep slopes Have been cleared, tuaed, aod oaed (or pasture. CenOrr dopes and 
ridge lops are in grain and hay. (Sofl Coasnvatuo Service.) 

forest, but it included mixtures wth tledduous cal weathering and biologic processes were 
relalivdy intense. Both red and yeUow sods wOT 
Summers in this region average hot and rainy. suited to sbtmg soil-forming and sod-degrading 
Winters are moderate to mild and rainy. Chemi- processes, (degrading from an agricultural point 



Fig. 9 Potatoes on the Keoai 
Alaskan Peninsula. Soils here ar* 
ctieBy podzols. Hardy vegetalto. 
including turnips, kje, cabbage, 
and bemes do weH. Cattle can be 
pastured for 5 months. (Sod Coo* 


The Creal Soil Groupj and TTiefr Ub'lization 
of vie^v). A high percentage of clay particles vi'as 
formed and concentrated in the subsoils. Leach- 
ing waters removed a large part of the soluble 
niitTJents.t 

The leaf litter and other debris which fell to 
the forest floor were rapidly decomposed under 
the attack of the legions of microorsanisms 
which flourish m this warm and humid environ- 
ment. Ifence the virgin soils had only a thin 
coveriog or organic matter overlying the sur- 
face, and only an inch or two of the dark surface 
soil became impregnated with humus {Pig. 10). 

The soils ate medium to strongly add. Tex- 
tures range from sandy to loam and clay loam 
types. The fine-textiired types, however, are 
comparatively well aggregated. Although natu- 
rally low in nutrients and acids, both red and 
ydlow soils are relatively easy to till and respond 
well to Lnie and fertiliwr.* 

Reid find Forest. The South is acombination 
of forest, cropland, and pasture. Forests and 
woodlands occupy a Urge part of the area. In 
the gray-brown podtofle re^n. woodlands 
merely sprinkle the agricultural areas. They do 
not command as mudi of the land as tb^ do 
ihroiJgliout red-yellow podroLc rc^ons. 

Taken as a whole, the red-yellow podzolic 
soils rank below the gray-brown podzolic soils 
in natural fertility. Tlie natural fertility of tlic 
>eUow memlrets is low, especially the sandy- 
textured soils. The natural fertility of the red 
members varies from low to mediiun Moreover, 
niilhons of acres of poorly or imperfectly 
drained soils are mingled widi the well-drained 
soils of the repon, especially on the coastal 
plains and in the river vallejs. 

The topography includes coiuitless slopes too 
steep for the plow. Botli topog^phy and many 
soils of the region lend to favor forest over farm, 

'tndividuut joiTs may alfli b* relatively Wfb fc 
Bulrioitj. bwrnee. beeawe the (ormabooJ from utix* they 
•rt derived »ero higli in particular coastHuenU 

* The type of »i1 lonnatioo to urhich the smU are fu6jert 
b bt part sonilar to tlial of the pudtbb Ipoduitie) and 
He that or humid tropical toJla, latomlie. The redyiO^ 
■nilj are not hijjily laWadic. hovrever. although a tmaed 
immlier of such aoSl occur in the rojwo. 


5T 



Ftp. 10 Profile of ( toulhem red pvdwtic toll. In its 
riipn stair, Ike upper part of ibe roil, beneaiti a Dun layer 
of humurimpre^aled surface toil, is a yeUo>nsh-bra^ 
(podrolisad) horiaon. The midprofile beginning at a depth 
of 18 lochs il/ustrates the darter, heavier red suhtoil « hich 
slows down islema) drainage. The widespread loss of the 
lifter lerhired surface sod by erosion accou/itj lor the red 
appearance of many fields in (ha region, (Soil Conservation 


and the southeastern region has two-thirds of 
Ibe commercial forests of the United Slates. 
Unlike the foresl-dominated podzols, however, 
most of the forest land u privately owned. This 
ownership is divided between lumber and pulp- 
and paper compaiues who own large tracts of 
(and and more than a millian farmers and other 
snuU-tract owners. Many farmers combine pro- 
ductitm of forest products, such asluml>er, pulp- 
wood, and turpentine and resin, with their farm- 
ing operations. 

Cropland and Pasture. The land utilized for 
a^'cultun: is minted island-like with the forest 
lands, similar to tl>e podzol region. But there are 
many more such islands and many are much 
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larger, covering several hundred or even thou- 
sands of square miles in area except for a 
sprinkling of woodland. ^Vhen adequately 
hmed, fertilized, maintained in organic matter, 
and protected agajnst erosion, both well-drained 
red and yellow soils may be made highly pro- 
ductive. 

The cost of building up and maintaining a 
high level of productivity averages higher, how- 
ever, than in the gray-brown podzolic region. 
Organic matter decomposes more rapidly under 
this climate, lime and fertihzers are leached 
more quickly, requiring more frequent replace- 
ment to keep the soils at their maximum pro- 
ductivity. Tlie Southeast consumes one-half 
of the mineral fertilizers produced in the United 
Slates. 

tVhercas the traditional agriculture of the 
region has long been cotton, com, and tobacco, 
the climate is adapted to a large variety of stanh, 
protein, fat, vegetable, and forage crops: soy- 
beans, peanuts, small fruits, nuts, truck oops, 
dtnis and deciduous fruits, and others. Each is 
more or less centered In one or more of tbe 
agricultural “Islands” of the area. 

One of the noteworthy agricultural changes in 
recent years Is pasture and forage improvement 
and the increase in livestock, especially in qual- 
ity dairy and beef cattle and poultry. Among 
other improvements, the introduction of new 
grasses now makes possible extensive and de- 
pendable ^cn grazing throughout the year. 

CoiiMerration Farming. The rolling and 
rugged lands of die region have suffered im- 
measurably from erosion. For years, com, cot- 
ton, and tobacco were planted at all angles 
across slopes, clean tilled, and then left bare in 
winter. In a re^on of heavy rains and relativdy 
mild winters, every river has run muddy and 
with soil material stopped from the naked hills. 

Strip cropping, contour farming, and ter- 
racing are now largely replacing up-and-down- 
hill row cropping. Forest, grasses, and legumes 
are slowing down runoff Soils are being built 
with lime, fertilizer, and organic matter. The 
entire region is now fortunately included m the 
soil conservation distncts. 


LATO50LS 

Tlie rainy forested lands of tropical regions 
are mantled with highly weathered reddish- to 
yeDowish-brown soils which, when typically 
developed, have clayey subsoils that are remark- 
ably friable and virtually nonsticky in nature.^ 
Uidike podzolic soils, there is little difference in 
texture between surface and subsoil. The lower 
subsoil is deep, add, and reticulately mottled 

Water moves through the low-plastic clay so 
rapidly (hat the land can often be worked al- 
most immediately after rains. Erodabihty is 
accordin^y losv except on steep slopes. Al- 
though virgin soils are fairly well supplied 
With nutrients from incorporated decomposed 
plant remains, they lose them rapidly under 
cultivation, and the clays have little capacity to 
"hold" nutrients. Frequent fertilizatiOR is there- 
fore necessary to maintain productivity. 

Puerto JUeo and the Ravalian Arehi- 
pelago. LotosoU occupy the humid interior up- 
lands of Puerto Rko where rainfall vanes from 
SOtoasmuchais ISOinrdies, and elevations range 
from 300 to 4000 feet. In the ffawaiian Islands, 
latosols occur under rainfall ranging from 10 to 
400 inches and at elevations from sea level to 
6000 feet. Unless bedrock is near the surface the 
soils have great depth. 

The soils are highly productive when ferti- 
hzed Irrigation is need^ where there are dry 
seasons. Sugar cane, coffee, tobacco, and citrus 
fruit are major commercial crops in Puerto ftico. 
The Hawaiian group « noted for pineapples 
and su^r to 

Besr Coart 3ypes. On the West Coast, brown 
and reddish latosolic types mterspread with 

* Irtottd it from meaning bnclc. The cbyt were first 
tiescribed in India where they were used extensively for bnck 
•Dibng. 

"Altliinigh tafotois feature these islands, they occupy 
only from ooe-lhird to one-fourth of the land. The mountain- 
<"* *<^®5raphy, coupled with great range io rainfall, bat 
oeoled eanranmeats Uvonbte lor the local formation of « 
tivmber of soil groups occurring on the mainland of the 
United Statesi podzols, gray-brown, red-pralrie, red-brown, 
rcddeecrt, and others. 



Hic Great Soil Croups and TtieCr Utilization 
podzols, brown-podzolic, sols bnins acides, and 
other groups'* ocaipy the broad mountainous 
belt extending from the Olympic Peninsula of 
Wasliington southward through western Oregon 
into the Northwest Coast Range and Sierra Ne- 
vada of California. Laterization, however, ap- 
pears less extreme. The soils are noteworthy for 
the small, rounded, shothlce aggregates or coiv 
cretions disseminated through their subsoils. 

The native forest cover was mainly fir, pine, 
and redwoods. The rainy season comes in 
winter, varying from 10 inches in the south to 
30 or 40 inches in the north. Summer irrigation 
is important in the valleys. 

Land use varies with fopo^phy: recreation 
and commercial timber in tbe mountains; tree 
crops (frvdts and nuts) on the lower slopes; 
grams, hay, and dairying on the lowlands which 
are chiefly podzolic soils. 

Many bodies of red and brown btosobc 
soils are commin^ed with the red-yellow pod- 
zolic soils of the ^theastern states. They have 
about the same productivity as the red and yel- 
low sods and are generally used for the same 
purposes. 

"Not tbown wjMratclj-an (Jio insp 
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PRAIRIE GROUPS 

TiiU-grass prairies once mantled the Interior 
LosvUnds extending wesrtvard from the eastern 
forests to about the lOOlh meridian (Fig. 11). 
Beyond, to the foot of the Rocky Mountains, 
across the Great Plains, lies tbe short^rass 
country, (typically bu&Io and grama grasses). 

Compared to forests grassland formations 
have veiy different effects on soils. They pro- 
duce groat masses of fibrous roots in tbe upper 
foot or two of the soils. Many feeder roots go 
down even deeper. Grasses, moreover, take up 
large quantities of nutrients. 

The leaves of natural grassland formations, 
however, unlike forest leaves, contribute rela- 
tively little to their soils. Tlie roots play the im- 
portant role. Each year appreciable parts of the 
roots die off, forming humus and hberatiog the 
nutrients brought up. Since the dead roots are 
in the soil, the humus and hberated nutrients are 
left in tbe soil body. 

Forests deposit their contnbution of organic 
matter and nutrients chiefly on fop of the sod. 
Here surface waters continuously carry away 
both released numents and much of tbe humic 


11 Originiil stand cil a U!1 
prairfe gn0 Boocia tfoa on the Iwri 
pUina of eastern Nebraska nhich 
bar never felt the pi®* {1922). 
Sueb iltes ere now rare, *s are 
Bands of llrpo forest. 
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substances fonned (noticeable m tbe brownish 
waters n'hicb drain from foresb), leaving ot^ya 
part to be incorporated into the soil body. 

The Bruniaems. The eastern part of the tail- 
grass prairies centering on Iowa and Blincashas 
a humid climate, averaging 30 or more indies of 
rain annually.t^ The soils which devclopcdbeie 
have very dark-grayuh brown surface sods, 6 to 
20 inches thick, and are known as brunizems 
(bro'vnisb-black). They vary from sli^Oy acid 
to only medium add. The return of nutrients 
helped materUUy to ofiset the leaclung effects of 
the humid climate. Unlike forest soils, the sub- 
soils of normal brurizems are but sb^tly, if at 
all, heavier than the surface horizons. The soils 
are rich in plant nutrients. 

Brunizems comprise the most productive of 
our grassland soils. Yet they were scorned by 
most of the early pioneer farmers migrating 
westward from the gray-broivn forests, even 
thou^ rainfall was essentially the same. Land 
Incapable of groNving trees was deemed too poor 
for crops! Tbe ploneen preferred the locd b- 
laods of forested upland scattered through the 
praincs or the wooded vallejs and nver bottoms. 

However, when settlement finally began in 
the prairies, tbe pioneers found a man^fdd para- 
dise. They were spared the labor of clearing tbe 
foresL They found the rainfall and sutisfune 
near-perfect for their crops. They were able to 
plant in naturally rich sods. Having nurtured 
wild grasses and herbs for centuries, tbe soils 
were admirably adapted to their domesticated 
tdn. the cere^ and tame hay and pasture 
grasses. This land is now the heart of tbe Com 
Belt. Its Gelds of com, oats, soybeans, bav, and 
pasture sweep from horizon to horizon. Men can 
grow bumper crops and fatten miny anlmab on 
this good land. 

Coinerralion, a Major IVobJem. Afany peo- 
ple who ha>e not seen the praine region think 

■rn* UD-gna ftaocutiaiu are ttuefly confined In Ibe 
ie«el, UDduaccted uptandi. Valley Uopec and rinr boKonia 
and other local nfer are occupied by demluoitf astodaticini. 

prairie repon b thus a miiture of two great wil gronpi — 
dommantlv ptanie aoiU with local bodiei of gny.(Kuwii 


1 lating, but many 

Tbe prairie region 
..^uns of long, gentle slopes on which die 
soils have been thinned by sheet erosion. 
Rivukts have scored many olhen. Some lands 
have been gullied, some severely (Fig. 12). 

Soil conservatioo is a major problem in the 
prairie group — not because the soils have been 
generally mined but because of their hi^ agri- 
cultural quality. Now that the natural prairie 
grasses are gone, the soils are no longer enriched 
by their humus or rejuvenated by the nutrients 
they annually returned. Tbus commercial fertil- 
izer, manure, and such soil-building crops as 
grasses and legumes must be their substitutes. 
A few decades ago most farmers regarded their 
soils as inexhaustible, althou^ no soils are so 
blessed. One of the striking revolutions in the 
prairie region in recent years has been the great 
increase in the use of mineral fertilizers. 

lieddish Prairie Soih. Reddish praine soils 
occupy central Oklahoma, extendmg somewhat 
northward into Kansas and southward into 
Texas. Because of greater oxidation under tbe 
hi^er temperatures of this area and because of 
the red color of the formations from which they 
developed, the soils of this group have brown or 
reddish-brown surface soils and red or reddish- 
brown subsoils. 

The soils are naturally less productive than 
tbe ‘'Watk" prairies of Iowa and Dhnois. The 
reddish praines are used chiefly for wheat, oats, 
grain sorghums, cotton, and forage. The hotter, 
and often dner, clunaie is better suited to gram 
sorghums than com. 

fintmutoh. Dark, brunizem-hke soils form 
the wefl-fcnown Black Belt of .Mabama-.Missis- 
sippi and the Blacklands and Grand Praines of 
Texas and southern Oklahoma. These soils were 
deriied from quick-weathenng hmesfone or 
mail formations originally mantled with grass 
Tbeir dark color and hi^ organic matter resem- 
ble tbe Com Belt praine soib of Iowa and 
Illinois, but the soils are calcareous throughout 

Tbe soils are heavy and claj ey, show little dif- 
ference in texture between surface and subsoil, 
but have a remarkable crumblike structure when 



The Crenl SoQ Croups Mid Their Ctiliiation 



teuniwms {rrgiotisllr) «>d rsr*’"’™ P**”*'' ' 


I L -II nrtiric- In bnmiiwp rtgica _ 

Re. 12 The more rolling «opop.ph» of Ih* »««.* dli«*s .nd iru«^» 

• by ttresm* s*Weh redueed the *m« «> hkUry. Mid other trees • Wch 

i.M4nyorthe»illeyiw«««t*P"^!'*^|V- b tc*Dy » mbed comblnetion *d 
(o pey-brown podrolie 


iy.O>™gtor.»l.edssv,ll.ng»dshrtn^^^ 

tt.; cky, tal« in ™»r ' 1 ^,^ 

*e loi have developsi a pecnto >»» 
maelnolls and mierovalleya. ta'vn uff 8^ 
The Ebdlmda are famed cot.on ^ 
Grand Prairies grow smaU grains. snvSjV pj^ 
slock. and some olton. n.e Ko 
Ih. Colorado Maas, and the CaMomra Benges 
are chieBy grazing country. 

aiERNOZESlS 

Them soils are the sobhrnnid """■‘T 
hJl-gnrss fomtaaon. of ihe " ’ 

grasses predominate in *1^® ^ ! gradoaDy 
humid parts of the region, chanpne. gf*®“ 

t«C™mu»l (from rUleios »nd 

m rouml on the high mesu of the 
Blena Omiudh the Co**t Renfes of OliJ 
turn of giMS »n<! mitered ook- 


to shorter grasors in the ne.tem op dner parts of 

* li* ^at soil group a the AmciieaH eqmv 
lent of renotvned Russlm black earths, from 
„hlch this name «as derived. Chemo.em means 

^Sr^here interrupted by the NebtasU 
Sandhrlb, Ihe principal body of ehetnoaems oc- 
cupies a 150-mile wide belt ImmcshateV weri 
ofSie brunizems. A much narrower l>cll borders 
the eastern edge of the Columbia Plateau. Many 
smtiered through valley, aud 
uphnds of the Western Highlands. 

^lUinfall averages from 20 to 30 in^«^ 
Leaching lias accordin^y been limilt^and tlie 
ISi anf higlt in mineral nutrienU. 

Sv surface soil contains up to 5 and 10 pw- 
c^l of humus, often to a depth of several feet. 
bcca.M of the heavy grass cover. 

•n,e soils are ocellenlly granulated and the 
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structural aggregates are very durable. lAe all 
normal grassland soils, both surface and subsdl 
horizons show little difference in texture. 

Carbonafc Accnmulationu One of the dis- 
tinguishing features of the chernozems is alayer 
or horizon of carbonate accumulation in the 
lower part of their subsoils. In humid regions, 
rainwater entering the soil body carries the car- 
bonates and other soluble salts that are formed 
to relatively great depths, if not into the under- 
lying ground-water reservoir. In the diemozem 
region, however, rainfall is limited. Most of the 
carbonates and other soluble salts are earned to 
only the lower subsoil and are there precipi- 
tated. The lower subsoils are accordingly light- 
gray or whitish in color and are often streaked 



Fig. 13 Profile of ■ Nebresk* cheniozein, Tbe nth. frw- 
ular bUck turface, often 18 to 24 irKhet thick, oveiKes a 
calcercoux, aell-ileveloped suhuil to tbe depth of the ipadr 

wbicb thii toil » ai drift ed. Note the depth of gratt roots. 
(Soil ConsertaUon Service.) 


with payish or whitish flecks and bands of car- 
bonates.*^ Similar accumulations of carbonates 
diaracterize all low-rainfall soils at varying 
depths** (Fig. 13). 

A Crain Belt. The chernozems possess the 
characteristics popularly associated with ideal 
agricultural soils, although they are best adapted 
to grain. Because of their naturally high content 
of soluble plant nutrients, they produce high 
quality grains — hi^ in the nutrients essential to 
good health. They are also well adapted for the 
production of forage crops such as clover and 
alfalfa. 

Unfortunately, the rainfall is not always such 
that these soils can measure up to their potential 
productivity. Wet and dry years follow each 
other in irregular and unpredictable succession. 
W'el years and good general rains at critical 
growth and fruiting periods bring bumper crops. 
But dry years, erratic rains, hot winds, and low- 
snow years produce low yields or failure. 

Because the chernozems are so similar to the 
prairie soils, the first settlers merely extended the 
cropping systems that they had followed in the 
prairie rc^on into the chernozem regioiL Arriv- 
ing during a period of good rains, early setOers 
enjoyed a few good crop years But when these 
were followed by a series of dry years, many 
abandoned the country. 

By capitalizing on the large acreages made 
possible by modem mechanization, the agricul- 
ture of the chernozems is now chiefly a combina- 
tion of grain fanning and livestock production. 
The stock is pastured chiefly on the rough and 
rolling lands bordering the natural drainageways 
and streams crossing the region, on the poorly 
drained basins scattered over the plains, and on 

'*Cirbonatrs, espccUUy calcium carbonate, or jocAflcd 
hme, ire one of tbe more ibundinl chemical salts produced 
in the decomposib'on of mineral matter. Magnesium car- 

rrehemozetns and prairie soils closely resemble each 
other, eacept for tbe layer of line accumulation due to differ 
cocei in ramfalL As noted, both are dark colored, are natu- 
rally h^ m available nulrieots, have escellent granulation, 
and show little contrast in leitiire between the surface soils 
and subsoils in their natural state. 
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Ihe sandier lands. Forage is produced on ^ 
stream bottoms and on terraces un er . 

The cropped uplands form a ffganbc gi^ 
belt whose make-up vanes with 
northern part raises a mixture of 
wheat, oats, barley, rye, and flax, 
chernozems grow chiefly com, some oats a.^ 
hard, winter wheat. Here the climatic 

permit a kind of extension of the 

wxird be>-ond the prairie region (Fig. Hh 
southern part forms the chief, har 
wheat T^on of the United SUles 
the northern portion of the major gram sorgh 
belt of the Southwest. . , . 

n, r„to.^e wm. m co»t.»t ,« a« 
plains of the micl.continent clicmoze 
Colombia Ptatoo clicrnoMms are 
nanUy „ning lands. TO' 1» 

Paloio mu r«,nlry. TO nslnlall .pproomaW 


only 20 indies, but most of it falls io Oie eool sra- 
sow of the yeai. The land is used ehieUy for 
larce^ole "heat lanninS "ilh summet Moiv- 
ing esnn, le» yeins. TO soils ere 

Ud many uou ha™ >«*” ‘'"“'T 

of the land is under cultivation and, until re- 
cently. was left without a xvinter cover W inter 
^ imng mins faUing on twzen gmuml and 
n,p,d to, 0 l heavy snow canse most dam- 
aii Crop rotations, sniface mulching, wantet 
and tough tJlage now help protect mud, 

Cnl)?°ii» Prairies. Scaltered Ihion^ the 
Coasial Panges of CalUotnia are i^y bodes of 
^*olored sods,'" some ol which resemble he 
V nnd some the brunizems of the 

Sa. West. BmntaU, which a. emges 15 to 25 
n-s -r ,» 1 . l.i«nn.ns>nl ra il« 
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indies annually, falls diiefly during the cool 
winter. Summers are warm and dry. 

These dark-colored soils developed under 
grasslands with scattered oak. The rolling, hilly 
character of the land is not well adapted tocrop- 
ping, hut the soils make ercdJent 
Cultivated areas are usually eroshe. 

aiESTMJT cnoups 

The name refers to the chestnut or darkhrown 
cwAjt of aV 

These are the soils of the semiarid plains im- 
mediately west of the Great Plains' chemozems. 
A broken belt Iwrders the Palousc chernozems 



oftbeColumbiaPIateauon the west. Many local 
bodies are scattered throu^ semiarid vallevs, 
mesas, and plateaus of the Mountain and M’est 
Coast stales. 

Und^ the semiarid climate, the soils are only 
sli^tly leached, and the zone of carbonate ac- 
curauhtion of roost soils lies only a foot or so 
below the surface. The short grasses of the chest- 
nut sods produce less organic matter than the 
tall grasses of the chemozems, and their root sjs- 
terns are less dense and shallower. The soils are 
accoedia^y hnvr ia or^nic matter an<} titter 
in color than the chemozems. The chestnut- 
colored or dark brown surface is only about a 
foot or less in thickness (Hg. 15). 

The soils are well supplied with available 
nutrients, and are highly productive w hen rains 
are adequate. Rainf^ as with the chemozems. 
Is the critical hmitalion of this group, but the 
hazards are very much greater. The proportion 
of years when the rainfall is right in amount and 
dislnbution b much lower than in the ehem> 
zetn belt. 

Cropped lend and Range. The res^ons of 
the chestnut soib, hkc most of the short-grass 
country, supported the great buffalo herds as 
they roamed the Great Plains. They were fol- 
lowed by the range cattle indusUy which 
nourished during the latter part of the nine- 
teenth century. Today, the chestnut soils mark 
the general frontier of crop production that b 
primanly based upon natural rainfall. 

nns frontier b a vacillating one. however. It 
swings eastward or westward as the run >can 
vary. Yields per acre average low. Land owner- 
sliip must be large to oflscl the low )ields With- 
out power machinery to cultivate large acreages, 
these fertile soib would be little more than 
rangctaiids. 

t^nd use viewed from the air presenUacom- 
pleaof cropped land and range (fig 16) FacepI 
where imgatetf— and ifus b diieffy focal — crops 
are mairJv dner-land eitcnsions of those pro- 
duced on ll>e humid soils immediately to the 
east small grams, sorghum, com. and Rat .Al 
vields nui lower, gram tpialil) averages 




to died *''**®"' *"’•*’*■“ 

fig. ,6 cui^ti^g . 6<.d 

5iszr '" ■^“"'” ”"' “ '■" ' '" 

tunter. (Soa Coi»«rv»l!on Strvfc*.) 


lis).. .specially i.. pro.ci«. Ca* »■; 

occasional good eduction. TV tong- 

urge to overexpand crop p important 

h’L average rain. iT 7”;lmt abo« that 
consideration, especially l 
retiuired for any crop at all- ^Ui plant 

Altlioui^r relaUvely soil, developed 

nutrients when ^ence Is tndicating 

under humid climates, exj^ 

that mineral ferliUzers. paradoxical as 


to. lha.= .oils ho'P .I'oto'' 

"mf'cotohia Pl>ttra wib are al- 

most »Hy a Io«-.mM wheal counto' ot 

'^'i'»:;.oo..So«..S«ing.n.oolto 

waaem Kanao, the soiU of the S"”*"" 
bacome loe,ea.h.gly redi.h and ‘ ™“ 
subtrapkal (Fig. 17). The rrfdwh 
dude 0,0,1 ol Ike gndn .on;!.™ hell o ow 
Southwest. The Texas Panhandle region is also 
S^S^Sant «nter of wheat and cotton pr^ 
doelto^ »o.e ot Whiel. ha, l»en grown unde, 
well irrigation in recent years, 
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Fig. 17 ProSlf of t mocJerafelr pemesble ted 

cbestnut soS ihowio; a coane blocky itnictue. Tbe borizon 
of bme accunnilatioii begins araond SO faiebes and reaches a 
maximuni cortceatntjon at 4 feel. (SoO Comervation Service.) 

Duar-BoirJ Lontf. The reddish r^estnut area 
includes a large proportion of the dust-bowl 
country. Dust storms are a natural pheitomenon 
of not only this region but of all our low raiofaO 
re^ons. TTiey occur year after year with varied 
intensities, first in one place and then another, 
scattered irregularly over all the dry plains and 
deserts. 

Dust storms were well knosvn before they 
attracted national attention in the dry 1930’s, 
when a series of esoeptionally low-rainfaQ years 


followed the big plow-up of the late 'teens and 
1920 s. and the storms reached pant size. There 
have been several bigger-than-ordmary recur- 
rences since. Control of water and of waterero- 
sion is fully as important as prevention of wind 
erosicHi in potential dust-storm areas. Water is 
the key to both cropping and grazing. The chest- 
nut soils are safest for the plow and can cany 
the greatest livestock population under a sjv 
lem of water conservation. But not all the soils 
are wholly safe even under such a system. Some 
blow so essily they should never be plowed and 
only li^tly grazed. 

BROWN CROUPS 

'These soils mantle the drier western part of 
the Great Plains. They also comprise the tnmsi- 
tion between the chestnut and desert groups of 
the Intermountain Hepon, occupying small 
plains, \-a]]e>'S, mesas, and plateaus thr^^mit 
the area. 

Short passes, shrubs, and bunch grasses form 
(he native vegetabon with many near-bare areas. 
The limited plant cover means less organic mat- 
ter and hence hrowm-colored soils with surface 
horizons only 5 to 10 inches thick. 

As rainfall averages only about 15 inches, the 
soils are only sli^tly leached and are high in 



Fi^. 18 Cittle txk tbc Great P tamc ^ SouOi Dekola. Small 
«agebni± and otber weeds arc be^ning to d>q>Ure tix 
valuable gnsw* 0“ing to overgrazing 
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mineral nutrients. The uhitish carbonate zone 
is only a foot or so deep. 

liange and Dry-Farm{ng. The soils are po- 
tenrially hi^dy productive. However, the low 
rainfall and hazards of wind erosion maXe them 
better adapted as a wbole to livestock lan^ 
This is priraarily tlie realm of the stockman and 
the ranch of modem times. The potentials of 
livestock production under good range manage 
ment, such as proper rale of stocking, reseeding, 
and water conservation, are hi^ (Fig. 18). 

Dry*land crop production, however. Is even 
more ma/gina] than In die chestnut reffoo. 
Large areas of these brown soils liave been 
broken and diy-farmcd to wheat and sorgluims 
with moderate success during good tain years. 
But failures have been frequent and good crop 
years with adequate rains are few and often far 
between. Crop farming has greatest prospect of 
success when operated on even a greater scale 
than In (lie chestnut re^on and >vjth modcin 
machinery able to act rapidly at cntical crop 
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junctures and under optimiun conservation 
practices. 

Reddish-tfroirn SoHt, Similar to the chestnut 
sods, these brown soils liecome increasingly red- 
dah m the Southern Plains, as temperatures in- 
crease to subtropical and summers become 
hotter. From western Texas, the soils extend 
westward Into the SoiiUiwestcm Plateaus and 
Cieat Barin Region of the Southwest, including 
their old aOuvi^ fans. The soils are not diSer- 
entuted from the Brown Sods on the map. 

The vegetation dianges to thin, sliort grass 
with scattered bunch grass, shrub, and mes- 
quite Tlie upper subsoils are sometimes tou^ 
and heavy, and the calcareous subsoils become 
pinkish white. 

The redtbsh-brown group is generally un- 
suited to cropping, especially the loose, sandy 
sods tVhen unprotected, the sod IS continuously 
shifted by the wind. On occasion, fence-row 
dunes up to 10 feet high have pQed up in some 
areas (Fig. 19) 
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Muc& of t&e mtztUnd has been dimaged 
b'" cTtwion brou^it on by overstocidng and in 
ton o%fTgrazing. \Msen land is overgrazed, less 
palataUe grasses, as sreB as weeds and sLnibs 
of low feeding saiae, take tbe place of the tnan 
s-sluable perennial grasses and herbs, and the 
stand of vegetation thins ouL This opens the scfl 
to eroskm. Streams once clear and stocked with 
£sh become subject to floods and silting, and 
their value for irription, recreation, pouer.aod 
local water sopp^- is reduced. 

.VoncoMc Broun Soth. The foothills and 
rolling tjf^ands of Califtgnia «1th winter fains 
(JO to ^ inches) and hot dry summers has-e 
brown to reddbh4rrt7WD that lack the car* 
bonate hciizons of the Great Plains soils. Soch 
carboQaies as are formed are leached oat by 
ssinter rains, leasing the sods "DOnesdeie’* in 
character. The &tr!a« sods are low io organic 
(natter and the subertls relath ely hi^ in day. 

The Dath'e vegetation ooder whkh this 
developed was gnss and brush with a ^irinUiiig 
of dedduoQS and coniferous trees. The sods with 
their winter rxos are adapted to both grain aod 
gnziiig, and also to when irrigatioQ is 
avaflahle. 



DESERT CROUPS 

This group tndudes the deserts and semi- 
ckserts of the istemMustain phins and {bateaus 
of the West. Rainfall averages 3 to 12 inches. 
Summers are Lot- IVioters in the North are ced 
to exJd. but mild in the tropical Southwest. 

Vegetation is spaoe and open. Bare ground 
prev:^s over plant cover. The dominant f^ans 
are desert shrubs with scattered bunch grass, 
brush, and short-lived grasses aitd herbs that 
green up after rains. 

The toils are och' leached, low in 

Inunos but rich in mineral ontrients except jhos- 
pboriB, and often salty. The carbonate zone is 
very shallow. Is older soils it may form an io- 
duraled byer called caliche at some depth. 
Winds pick up hue seal partsdes, often leaving 
the surface a residue rrf pebbles and stones 
•hicb form the socaCed desert p av e iu e c t . 

Three color grr w p v cp most of wt 
desert regson: the fa jwuh h-gray saQs of the 
seraideseTt the gray soils of the cectnl aod 
ooTthera desert, and the red and reddnh-browB 
of the Southwest 20;. 

Crasing Landi. Except where aSuvial fan or 
rner valley pernriti (motion, these lands are 
the tmdisjwted home of tl^ sheepman and the 
cattle raneher. The range can be greatly bece- 
£ted I^' reseesiag, &e pKAs t AMAi , cJevefcjsnect 
of water resources, acd good man^ement. Ia»- 
imjvemeidx can be rmA- by unitrca bd sge- 
bnnb tanning or checakal sprays to remov c kw 
rpiaLty vegetation and enrasurage growth cf 
more palatable forage. The f4v»i^ rangebsds 
tase the t«t tc{^^ies of stock water istrearss, 
rpria^ accesxzbie weB water) and imzaUf 
land, where alfalfa and other feed crops can 
be grown to suppfement the lamted eatoal 
frjrage. 

Solunc/iak. Scattered throo^iout the low- 
ramiaS regjcsss of the West from the desert to 
the chernozems are many ertsT! areas erf sahne 
sods a high concentration of sohible salts. 

They are known as sokxxhak sods, from the 
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Rtissian tem for salt. Tliey are the result of 
locally poor or impcHect drainage. As water 
collecting in Ihe areas evaporates, rt leav« 
behind salts whidi presenUy accumulate msu^ 
ouantiHes that only a sparse growth of saJl- 
lovine grasses and shrubs can occupy the soiL 
Soloneti. NVhen, for some reason, drainage 
improves in the course of Ume and the excess 
salts are leached out. solonchak soils are in- 
verted to solonetz or alkaU soils. Unlike soli- 
chak soils, these intrazonal soils are hi^ly a^* 
hne. very dark in color and have hard (when 
and sticky (when wet) subsoUs. During pOTO^ 
of low rainfaU, the surface soil of 
areas is blown away exposing the hard day. The 
shallow basins form the numerous. pe«diar ^ 
called “sUck-spots” scattered ihrou^out the 

Great Plains. , . 

Sotoete area provide poor to 
Most ol them ete merely 
ean be reclaimed tbroogh attJcial l^rrg 
and the use of caJehim and sulfur salU. 

AUSKAN TUNDRA 
Mosses, lichens, d.verf shn.bs, and 
»oody ptot. form Ihe chief P'“> “J" 
areas of the coastal plain and plateau d 
Alaska. AS the short, cool summer 
or^nic decay, the soils are n^^ntled wnlh a d^ 
brown to yellowish turf, matted with the fi 

and woody roots of the plant cover. 

As chmical action is also limited, t^ 
kUe clay and is chiefly a nuxbire of^B^ 
sand, humus, and imperfectly 
ganic mailer. Ugbter brown, co^e 
StreMted with Irorslalns m.d bi.ek nrf 5 ““ 
te, forms the lower snbsoJ. 

mynotbepresent.Amiororeli.1011^.^ 

and shallow depressions, the result 
freeze and thaw, characterizes many 

land U unexcelled for 
hised on reindeer, but as yet is virt^ 
utilized for commercial meal pro j-j. 
cause of high traasportation costs an 
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oped markets. The reindeer is at home m a 
snowstorm, contentedly crops the forage of his 
donate, and needs little care. 


PLANOSOLS 

Minded in local bodies in nearly all the zonal 
soils are areas ol near-flat relief mantled wath 
soils having heavier or more strongly ce- 
mented” subsoils than the normal soils associ- 
ated with them. Soils with such subsoils are 
Imown a planosols (soils of flat plains). They 
develop under both grassland and forest associa- 

Altliough intermixed with nearly all of the 
great sod groups, they have developed chiefly 
OT flat uplands extendmg from the forest^ 
CTav-broxvn soils of southeastern Ohio westward 
U northern Missouri, and from the bnmizems 
of soudicm Iowa and eastern Nebraska routh- 
ward into eastern Oklahoma. 

Soib with even denser subsoils mantle the 
gently sloping terraces and beochlan^ liordw- 
L the Sntral Valley of California. 
haw silica-iron cemented 
often a fool thick and are impermeable to both 
rnots and water , . 

The flat topography and heavy subsoils re- 
st*! dtainage re lhat Uie soils tend to be wrt 
nfsprtng and droughty In summer and 10 retard 
pemlration. Corn yields average lower 
Uan m the dark, normal praines. V. inter wheab 
l^beant. and hay are important. Sorghunw and 
»i» groivn on the Oklahoma and Texas 
rianosoU. The California planosols are cliiefly m 

barley and pasture, except where water 

to bSen to permil dnd«ag= -d root pane- 
tiation. 

IlYDROSlORPinC SOILS 

Intennlnded with U.e normal. '';ell^ned 
,nnal soil l^'ps innumerable shallow 

^ M^ebeds and other dcprcssional up- 
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or poorly drained soils. The chief concentrahons 
of such soils are on the outer Coastal Plain ex- 
tending from Chesapeake Bay to Texas, in the 
Northeastern States, the Great Lake States, 
and the West Coast lowlands. Excessis’e mois- 
ture played a dominant role in their fonnahoa. 

The soils are kno\vn v-ariously as ^eys, 
groundwater podzols, marshlands, and bog soils, 
such as peats and mucks. Gley soils develop 
low er horizons that are sticky and compact and 
bluish-gray or olis e-gray be<ause of their wet 
condition. Groundwater podzols resemble ordi- 
nary podzols: the upp« sod is bleached bght- 
gray, and the subsoil is a dark-browm hardpan 


irregularly cemented Iw organic matter or iron. 
Bog sods des elop under s^^•amp or marsh ve^ 
tatioR. Peats comprise partially decomposed 
organic material that is still identifiable, whereas 
muck materials are thorou^y decomposed. 

The chief uses of these soils are forest, wild- 
hfe and pasture. Only restricted areas are cul- 
tis-ated. When adequately drained and fertilized 
(Fig. 21). they are valued for special crops, such 
as celery, sugar cane, and truck crops in Florida: 
rice on the Louisiana-Texas Coastal Hain and 
the Sacramento-San Joaquin delta;; blueberries 
in the Lake states. 

Mucks are especially prized. They contain a 
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lands of the humid-forest group. Thepioneer- 
farmer accordingly began growing his crops on 
our relatively poorer soils. This was true 
whether he settled in New England on the 
brown forest soils or in Virginia on the red- 
yellow podzolic sods. At first, he obtained fair 
and often large yields (large for his day) on the 
fresh, virgin soils, and especially in comparison 
with the yields he had been able to obtain on 
the wom-down soils of his native counby. The 
average humid-forest soil had a modest supply 
of available nutrients, a friable structure, and 
r ainf all sufficient for a diversified agriculture. 

However, the limited supply of nutrients was 
soon esiausled, the sods became gradually less 
friable under the pressure crops put on the land, 
and yields decimed until they were no longer 
considered very profitable. ^VheIl this occurred, 
the pioneer almdoned his fields and cleared a 
nesv farm out of the wilderness. 


SOIL ROBBERS AND 
SOIL CONSERVATIONISTS 

The pioneer fanner who "eshausted" his sod 
and his present-day counterpart have been 
roundly condemned as "soil robbers” and "soil 
miners.” But this is hardly an unqualified fair 
judgment consideiing how relatively low in 
nutrients the soils were to begin with. They had 
been leached long before any colonist set fool in 
the New World, and probably before Rome, or 
Greece, or even Egypt flourished. The colonial 
farmer did little more than “rob" lands that 
natural conditions had already reduced to a rela- 
tively low state of agricultural fertihty. 

A far-sighted individual, like Gecwge Wash- 
ington. appreciated the value of crop rotations, 
manure, keeping up organic matter, erosioD- 
prevention measures, and other good practices. 
But the average pioneer-farmer knew little or 
nothing about them. Facts based on careful re- 
search were lacking. The first agricultural €!ol- 
leges for research, teaching, and general dissem- 
ination of agricultural knowledge were not 
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established until 1855. Furthermore, a huge 
unttlled continent lay before the pioneers. They 
were few in number, and the virgin land seemed 
iofinite in terms of the simple tools they had— 
the hand-wielded ax and the horse-drawn plow. 

Our humid-forest lands are now a stron^old 
of sod conservation. They include the majority 
of our soil conservation districts (nearly 3000) 
and most farmers in these districts arc now soil 
conservationists in both spirit and practice. Vet, 
unfortunately, sheet wash, rills, and gullies arc 
sUH de^ading thousands of acres of good crop- 
land. Dissemination of knowledge at all times, 
and even more its general use, is slow — usually 
Very slow. 

cows OR CAPSULES? One of the distinguishing 
features of our century is the widespread migra- 
tion of population taktog place into the country- 
side surrounding our towns and cities. Every 
day innumerable acres of farmland are sold for 
suburban homes, commercial enterprises, fac- 
tories, and other nonfarm uses. Although chiefly 
On the W’est Coast and in the humid East, where 
the majority of our cities and an important part 
of our good farmlands are located, the move- 
meot is nationwide. 

This coit-to-the-land mlgrahon has engulfed 
millions of acres of good farmland, and it 
piumises to take over millions more during the 
remainder of the century. Bulldozers are busy 
uprooting farm after farm to provide space for 
the new homes, shops, and factories flocking 
into the country — rich dairy farms m the Lake 
States and New England, rich com belt farms m 
the prairie region, rich cotton farms in the 
South, and rich orange groves in California. 
Suburban developments are even taking over 
^)od land in the imgated valleys of our western 
states, where land suitable for irrigation is at 
a premium. 

Many people still believe that the produc- 
tivity of our lands is almost limitless, that we 
need nrt be concerned over the future. "Science 
will find an answer.” It is tme that our agncul- 
tural scientists have shown us how to increase 
our land productivity amazingly They have also 
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shown us how lo c-onvert sawdust and other 
plant materials into nutriUous. and even 
roncoclions. Wc can grow food malci^ in 
fresh or sea water. We can dispense with 
and chickens and hogs and obtain our proteins 
from cheaper substitutes. 

All these missven are not so atttnctiie.hosv- 
ever. Most ol tel prelct genuine milk, 
gniin, Irults, and vegetables to sau dnst euWn^ 
or some s«.-grosvn compostte. or a synthetic 

“mME FAasiiA.-m. Prime farmland in the 

United States is limited despite the 

great siie. Each year as our population and the 

aorlds population surge toward lire uo[»eci^ 

dent numbers It appears destined to 

shall feel this limitalion mere keenly, inere n 

an more to be had, no uneontiuetcd mldem^. 

and prime farmland cannot la; made to ord^ 
E»rples can. of eourec, la; citrf 
poor mdy tract or other has been made ptm 
STetlve by pouring fetUUset. 

Irrisation w ater Into it. But such “ 

owUy. Far better to keep out 

farmingthan tospend time and resounres patch 

tag up pcot lands to take Uielt place. 

AlthS sve still possess app.e^«e ^eo 
ty, and il we know about good 
ment and fnereasing producbvtty “1 
praetieed on all ol our Unds. 
ta conserve all the gootl farmlan w 
can and dedicate it to farming, just « we 

eaie forest, recreation, and Other Ian - " ‘ 

good residential areas are protect ° 

Sion by tomraertaal and industnj en tp 
la tui we reserve prime InduslriJ lamb to 
induslry. In the ainntiy. good farm 
tes need similar protecUon against ironceessary 
suburban invasions. , _ 

Ia,od i;.. In If.. towKnin/al Cs..ap. 1te 

humid-forest and the low-rainf^ ?^!?»TOld 
world types, that is. most of the soils of the 
could be similarly grouped. _ 

The world’s greatest body 
extends from the dry ^slands an 
Africa, aaoss Arabia and central and southern 


Asia, into western China. For centuries, these 
natural grazing lands were the domam of the 
hunter and the nomadic herdsman. The r^nfall 
lie that of the low-rainfan groups of the United 
States, was too low and loo irregular for the 
limited hoe and/or drafl-anin^ agnculture of 
U«. pre-machine age. The culUvator wr^ned 
lumself to the oases or the more humid borders. 
Even here he had little or no wood for hoi^e or 
fuel. Uw water supply was Urmted chiefly to 
stream-s. sliallow wells, and sp^gs. 

moM RAISCE TO FAHM. The latter part of the 
nineteenth century witnessed die beginning of 
a revolutionary change In the age^ild economy 
of these Unds. The cultivator began elbowing 
his fields farther and farther Into the grazing 
recions. pushing the herdsmen into the drier 
Sdesert Unds. The Soviet Union s unsuccess- 
ful effort to expand its agriculture into the ^ 
lamlsof central AsU is the dosing chapter of the 
chance »n that continent 

In the United Sutes. the cbcmozein. chest- 
nut eiwi Woww solb » 

the plains Imhan before the advent of fb* “ Wl® 
nnuf The Into hunted the buffalo 
hetbivoiea. Then came Ihe stoekmn, fta eo^ 
tetpart ol the Old-Wotld pastorf people. Bot 
i.^y, were hmiled. After a law decades of 
n^ing stock on the open range, he 
mto the drier plaint by lha p,oneer-f™et ad- 
vancing westward in search of new I^d. 

Sgmniirg *' "“-nmid ehemoaenw, 

the to-itlle. tum«i to" "ch soib rnlo 
fields, and pUnted the reddish chestnut of 
A^soudiem Great PUuis to 
ton. Having nourished wild grasses 
untunes, the chernozems prodded ideal co^ 
A t nne tor their domesticated relatives, the 

Cottm which is surprisingly tolenmt of 

„„als uonom grass- 

J”",”?*" T^oSlahoma plmns mitmajy 
St^nor to the poorer 
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and then the b^o^vn soil groups cjtperienced a 
<iTni1ar revolution, except that crops gradually 
decreased and cattle increased in importance 
as the land became drier and drier. 

A number of convei^ng factors contributed 
to this over-all change in land use. (1) The build- 
ing of the railroads and their extension into ll» 
re^on prosided cheap transportation. Thecduef 
crops — grain, cotton, and livestock — were all 
bulky crops. The railroads proWded low-cost 
transportation to ship out the bulky crops and to 
bring in all necessities the region did not have 
or could pow. ^2) The des’clopment of agricid- 
tural machinery provided the means for culti- 
vating large acreages. Farms in the chernozem 
belt need to be large — in the chestnut region, 
stiH larger — to provide living standards com- 
parable to the bvunld East The inventioo of 
steel plows Viith moldboard and share of mirror- 
like smoothness and with curvature able to cut 
and invert the entire fu^T0^v slice ii-as especially 
important (3) The re^on enjoyed an unusual 
series of rainy years that were broken chiefly 1^ 
comparatively short or minor droughts during 
much of the period of settlement. (4) The inven- 
tion of Icrb^ M-ire met the need far fendng 
where trees and stone were not available. (3) 
Deep-well dnlUng solved the water-supply 
problem on the uplands. (6) Cheap land and 
good prices for grain and cotton offset all other 
limitatioDS. 

DCST A.NO DFOCCHT. Yeais of one-crop farm- 
ing and summer Allowing'* o'cntnally broke 
down the soil structure, however. Each year the 
farmer fitted the land for his next crop, be ex- 
posed some of the rich humus of the top sails. 
with its teeming zoologic life, to a scorching sun. 
The hot sun gradually oxidized the organjcmal- 
ter and IdUed the valuable soil population. %Vben 
soil grains lost the aggregating effects of humus, 
they fell apart and the soil turned to dust. 

WWb lisd a juDusH’ ttlWni, B ii not set6e6 but 
mrrclT cultivated after rairts to dertnty w ee d s end to coo- 

diEt iBiijdk. SnmiseT fanowmg vas a coiaunon practice 
t hoei gl to ut ibe plaif,*- 


ConsCTvation of Natural Besourees 
The 1930’s ushered in the longest and worst 
dfou^t on record. Great dust storms swept the 
1^00. Winds literally blew seeds, and some- 
times seedlings, out of the land, shifted loose soil 
into drifts, or stripped the land to the depth it 
had been plowed. 

Droughts and dust storms had occurred many 
times before. Records indicate they had taken 
place again and again at least as far back as the 
previous hundred yean, very irregularly and 
unpredictably. Butin the 1930'stheoverwx)rked 
land was in poorer condition than ever before. 

Siany people faced niia. Thousands migrated 
to the wetter and irrigated lands of the Pacific 
Coast states. The re^n was not emptied of its 
population, however. Many stuck it out. Nor 
were the plains one vast "dust bowL” Thou- 
sands of felds did not blow seriously because 
they had not been overexploited. On land pro- 
tected with xegetation. dead or alive, or left 
rough and cloddy, blowing was diecked. The 
subhomid chernozems were least affected by 
the The arid brown soils were most 

damaged. Their dry acres should never have 
been broken during this period. 

now-BAi.v FAH},ayG. Cropland in this low- 
rainfall country must be carefully sorted from 
the nothing-but-range land, and then managed 
conservatively. No acre of rangeland should 
ever be pJow^ a^in. Most of the good cropland 
is in the chernozem region, the least is in the 
brown soil re^n, but both range and farmland 
are much intermingled throughout the cherno- 
zem. chestnut, and brown soil regions. 

Most of the blow land of the 1930’s and later 
}ears is again tacked down. But nature also 
esues warnings that serious drou^ls wiH come 
again and again From time to time, ommous 
dust clouds arise and sweep across parts of the 
region. The dry-land farmer needs to be as 
watchhil of his fields and protect them against 
wind as well as water as the humid-land fanner 
must guard his fields against the raindrop 

The region is now engaged m a long-range 
program designed to convert aU nsk land mto 
pasture or rangeland. 
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developed Into a profession which is an accepted 
science in every nation. Simultaneously, its 
meaning has steadily broadened until it now in- 
cludes all the various measures, practices, 
amendments, and treatments involved in the 
use, development, reclamation, protectimi, 
maintenance, improvement, and productivity of 
OUT land resources. 

The s cience Is s till s o ne w that relati v ely te w 
of the universities an d colle ges in this counliy 
have a foimyear cou^ on the subject. AD the 
initial so il co aservationists were “ma de-ove r* 
during the I 930’s and 1940’s from their ongii^ 
training as a^culhu^fiTa^nomlsts. foresters, 
enginewsTToD and range 'sp«iaLsts^ologists, 
hoHiculturistC^^lt^ts, and other scie ntists . 
Tlie EHt'college degreewth sod consers’atiooas 
the majo r subj e ct was grant ^ in ~i,&j6ris>'d'lbe~ 
first sod conservation ist degrw was awar ded in 
lDd%, Currently, seme specific courses on the 
subject arg^i’gn.at.one.or more_insa tutions Jn 
eve ry onj of the fifty rnany are granting 
degrees svltETsod conserva tion major, and soil 
conseiYationist_degrm can be earned in every 
section of t he co untry. Elefore long the pio- 
neers who w«e ’■made-over’" w-Ul be gone, and 
the better prepared personnel will have taken 
over the task. 

TIIE A,MEniCAN HTLDEnNESS 

When our forefathers landed on America’s 
shores, the necessity for conservation of sod or 
water or forests was utterly inconceivable. 
There was no cultivation, practically no grazing, 
and no forest denudation, except from an occa- 
sional fire. 

However, then came the seltlen, bunting 
home sites and ways to make a living. They 
needed, first of aD, food for themselves and their 
emmals, filers for clothing, logs for budding 
houses in wliich to live, and fuel to keep them 
w-ami. Those were the immediate and most im- 
perative needs of these people. Everything that 
interfered with those dijectucs became an 
enemy. Since most of the early scltlemenis were 


mode in forested re^ons, the destruction of that 
forest was an ioitij goal. Trees retarded his 
crops and also provided hiding pilaces for un- 
friendly Indians. Anything he could do to push 
back the forests meant greater immediate se- 
curity for the settler. Althou^ many decades 
pass^ before the vast grassland prairies of the 
interior were similarly settled, the grass cover 
became a similar enemy of foe settler on foese 
lands. So he burned and burned until foe grass- 
lands were no more. When the better lands had 
aU been settled, and no reaDy good lands re- 
mained for occupancy, foe human desire for 
land readied out to foe drier lands. They were 
dlher poorly suited or quite unsuitable for cul- 
tivation. and so foe growing of hvestock on the 
rangelands which proved unsuited for crops 
dominated foese lands having few natural ad- 
vantages. These range animals have accom- 
plished. on such lands, forou^ almost universal 
overgrazing, approximately what fire and over- 
cultivation did to the better lands. The virgin 
plant species on the range, espeoaUy those 
which were the more palatable, were generally 
destroyed by this widespread abuse of the plant 
cover. They were replaced by other species 
which were always less palatable and less nutri- 
tious and, almost universafly. provided much 
less protection from erosion. 

In their respective virgin conditions of plant 
cover, most of foe many diSerenl types of soil 
found in this country were sufiidently sponge- 
hke to absorb the normal pretapitation- The duff 
which typifies foe natural forest floor served not 
only as a sponge and as a filter but also was an 
ezcellent insulator against excessive evapora- 
tion from the land surface and as a protection 
against excessive compaction of foe soil- In addi- 
tion, a duS cover » highly effective in foe pre- 
vention of »il puddling by splash erosion from 
davhing rains. In foe grassland areas of foe cotin- 
tiy, comparable protection to foe bnd w-as pro- 
vided Ijv foe dead pbnt litter wliich fell to foe 
pound each year. That, together wiili foe dense 
network of living, dead and decaying grass roots, 
made such a mellow and absorptive soil tiut it 
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was almost impossible for serious erosion to oc- 
cur. Wliatever the native vegetation was — trees, 
bnish, or grass— the normal raiiis were readily 
absorbed by the sod. Only during the once-m-a- 
century type of storm was surface runoff likely. 
Even in the storms of greater than normal inten- 
sity, any water which did not soak info the soil 
vras at least filtered through the organic duff or 
litter. A few notable exceptions ahvays had 
mwddy streams, such as the Missouri TUs'eria the 
northern Great Plains and the Red Ris'er in the 
soutlwm Great Plains. This wm principaBy be- 
cause extensive areas of their watersheds have 
soils which arc pretJominantly clayey. Fine 
materia) remains in suspensiori in the streams 
draining sudi areas. 

The settling and deitring of America's agri- 
cultural lands were hke a westward sweeping 
fire or flood. It did not stop until it had swept ^ 
the way from the Atlantic to the Pacific. The 
growing of com, wheat, cotton, tobacco, and 
many other mops, the raising of cattle, sheep, 
hogs, horses, mules, and goats all have contribu- 
ted to the damage that America's farm aod 
range lands have dready suffered. Althou^ we 
have practically nuned some areas of land in 
different parts of the country, most of our lands 
arc far from ruined. We have damaged most of 
our lands, since no section of the United States 
has been immune to, or safe from, such damage. 


OUR INEXIUUSTIDLE SOIL 

When this country was first settled, the soil 
was generally considered inexhaustible. Adver- 
tisements in early newspapers made such claims 
on the settlement frontieis as the tide of land- 
seekers moved westward from the Atlantic sea- 
board. Such news items appeared, for example, 
in Virpnia as late as 1800, in Ohio from 1820 to 
1860, in lUinoLs be^nning about 1830. in Ne- 
braska beginning in the 1860's,8ndin the Pacific 
coast states be^nning in the ISSOs. They usu- 
ally dominated the news sheets immeduti^ 
after settlement of a new area began, and often 
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they could still be seen from 20 to 30 years after 
setdement had started. 

Observational studies have been made several 
times annually on a tract of 1620 acres which, 
untd 1935, was virgin bunchgrass land that had 
never felt the plow. During the first 10 years 
following the initial cultivation in 1935, tittle 
and usually no erosian occiured, even on steep 
50 percent bare slopes of clean summer fallow. 
But today, after 30 years, these steeper slopes 
show sheet erosion every year. The evidence, 
from all studies and observations made in the 
United States, indicates that usually erosioa 
does not become a serious problem, except on 
the steepest lands, in the first 25 years after Ini- 
tial cultivation. 

Our iaind Problems Today. People all over 
the nation are becoming conscious of damage to 
the land. Although oui exploitative methods of 
land use are the primaiy cause of this damage, 
the fanner cannot be saddled with alt the re- 
sponsibility. All of us, cDuntiy and aty people 
^e. must share the blame. 'The fanner can be 
charged with neglect for his destructive methods 
of soil management, but the urban population 
IS also at fault for not merely encoura^ng bat 
even financing that manner of farming. It is only 
natural for the farmer to resent (he charge tliat 
his methods of fanning are injuring the land, 
even when they are the major direct cause. The 
main indirect cause has been that the United 
Slates has never had a coastnictii’e, national 
land pc^cy. 

^Vben we look at the lands of other countries, 
the cause for concern about our own lands be- 
comes more understandable. A few nations 
present excellent hving examples of safe use of 
their a^icultural lands-— conservation fanning 
—but the vast majority of the nations of the 
world present glaring examples of highly de- 
structive use of their land resources. Some out- 
standing examples of safe land use are found in 
the British Isles, the Scandinavian countries, 
Germany, Switzerland, Japan, and other coun- 
tries. Equally outstanding, but portraying e.x- 
tmnes of land abuse, are most ol tbosecoualnes 
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that border the Mediterranean Sea, as wdl as 
many parts of the Middle East. In our own 
Western Hemisphere, we have no natiOTs which 
portrays safe land use as do those mentioned in 
northern Europe. One must search diLgently to 
find even a local community that is a living ex- 
ample of conservation fanning {Fig. 1). Unfortu- 
nately, many large land areas in the United 
States and Mexico, and lesser areas in many 
other countries of the New World, present 
hi^y eroded landscapes. 

Whai Iltu Happened to Our Land? Since 
the lands that we now use for farming were first 
formed, nature has been contmually changing 
the ori ginal raw clays, silts, and sands into sc^ 
Plants have grown, lived, and died each year on 
these once-inert, mineral materials, adding a bit 
more humus and organic matter every year to 
make an ever richer soil. 

During the 100 to 150 years that most of 
America's farmlands have bMO under the plow, 
our farming practices have destroyed soil ^ues 
that took millioiis of years to build. We first 
burned off all the organic matter and humus that 
could thus be disposed of. As if this were not 
enou^ we burned off the crop residues. Then 
we pulverized and repulveriz^ the soil, uith 


our efficient farm machineiy, from one to sev- 
eral times each year. ^Ve have almost completely 
destroyed the soil structure. The result is that 
our soils absorb water much less readily, are 
harder to work. {Middle more quickly, and are 
becoming, in every respect, less suitable for the 
growth of crops. 

The cropland in the United States origmaHy 
amounted to more than 600,000,000 acres of 
good, tillable land. In 1937, there were only 
about 500,000,000 acres of good cropland left 
This figure includes, in adcbtion to the nearly 
400 million acres of suitable land in crops, nearly 
100 million acres which need drainage, irriga- 
tioo, or other amendments. Of these 500 millioD 
acres of good cropland, all but about 100 million 
are subject to erosion whenever the land is used 
without protection. 

Referring again to this 500 million acres, 
about one-fourth is being damaged by erosion 
at a critically rapid rate (Pig. 2). Another one- 
fourth of our cropland is befog eroded at a less 
critical, but still serious, rate. A third one-fourth 
is befog damaged at a very slow rate, and the re- 
matoiog fourth is suffering mainly from a heavy 
dedine in fertiLty. 

Some 90 millioo acres of our present cropland 



Fij:. 1 BcAns have comaxmlx 

CD straight rows sntbMit rv* 
gard to the dope of the IukL This 
Idaho bcao firid shows the 
sensifate waj of growing beans oo 
the cootour. (Soil Ckaservatioa 
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Damage Resutling from CulUration. 
LOSS OF SOIL STRvcTuicE. \Vben the grasslaod 
was Erst broken by the plow, the sod was the 
bugbear of the farmer trying to make a new 
home. The tou^ chunks of sod made the field 
so bumpy for the farm implements of that day 
that a good seedbed was almost impossible to 
make. These fragments persisted for many 
years, but gradually they were broken ai>d tom 
to bits by the several cultivations each year. 

Most grassland soils have proved highly re- 
sistant to pulverization because of thnr ex- 
tremely high content of fibrous roots. However, 
sods formed beneath drier grasslands contain 
much less fibrous material and therefore lose 
their structure much more quickly. (The dust 
bowl developed where drier grasslands once 
prevailed) Soils formed beneath a forest canopy 
are reduced to a powdery status even more 
readily, because they contain practically no 
fibrous material. 

The uldmate result upon all cultivated land, 
unless It has had enough crop residues, barnyard 


manure, and green manure to offset the losses 
from cultivation, cropping, and oxidatjon, is a 
powdered soil that brings decreasing returns 
and increasing troubles to its owmer with each 
added decade of use. It becomes less mellow; it 
packs like cemeDl; it puddles with every rain; 
and it becomes less desirable with each passing 
year. The rich mellow loam whidi had been 
described as inexhausbble has worn out It 
be said to have hardening of the arteries. 
The stage has been set for the temfie soil losses 
caused by either wafer or wmd erosion (Fig. 3). 

VOSS OF ORGANIC SUTTER. Along with the loss 
of sod structure goes the loss of organic matter. 
Decaying vegetation, especially of grassland 
areas, has been adding to the amoiint of organic 
matter stored in the virpn soil for thousands of 
years. Only a little b added each year, but in 
the aggregate it is eoou^ to transform an orlgi* 
naOy inert mass of rock fragments into a mellow’ 
living medium. In sandy soils, mellowness is 
attained with only 2 or 3 percent organic nutter 
content, but in heavier textured soils 5 and 6 




Fig. 3 VVlni has caused the ftbaudonmnit of nufboM of meres of farmlsod m the United 

Stmtes which formeHr were planted to wheat. Clumps of thistSci hold on to o small amount of Bit 
and sand, but when the land is in fallow soil losses b; srisd erosion are high. (Sod Cosuervalitm 
SesvieeJ 
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Hg. 4 A hMvy f»in af 18 locliM eo • fTwhly plowed EeM wtulled b bnvy io3 and w»lef loon 
CD this OHiwa County farm in hCchigto. Crused wtlerwiyinDd tow lemm on the eoolour would 
have prevented the toss of sod fretn the dopes and the butbl el good lands b low hbg areat. (SoQ 
Conservation Service.) 


VCond Damage from Deforeiialion. In the 
land-cleanng which has characterized the his- 
tory of the millions of formerly forest-covered 
acres of America, no thought was usuaDy given 
to the land except to gel rid of Jls cover so that 
it might be farmed. The result was widespread 
erosion on these former forest lands. Althoagh 
the damage has been much greater and mudi 
faster on the clearings that became cropland, 
the deforested nonagricultural lands have als> 
contributed greatly to the total land damage in 
the United SUtes. Most of the logged-off land 
that is not suitable for cropland now has a pio- 
tecbve plant cover, even thou^ it may be in- 
adequate to protect fully the land against ero- 
sion. Vegetation on the land, no matter how 
poor that plant cover may be, does offer at least 
a measure of protecbon. 


Land Damage from Floods. Most of the 
long-recognized, hi^y publicized losses from 
floods consist of damage not to the lands but to 
man's physical developments on the land. No 
effort will be made here to assess such damages. 
Only flood damage to the land itself will be indi- 
cated. 

DAXtAGE BY STREA.M-8 CUTTLVG. ThlS type 
of land damage results in complete destruction 
of the resource and leaves only desolahon be- 
hind. Since the aimually recurring crop loss 
from these destroyed acres needs to be capital- 
ized on the basis of its loss to the national 
economy rather than on its annual loss to the 
former, the average acre of rich bottomland 
thus lost represents an annual loss of $50 to $400 
dniug all of the years ahead. 

DAU.ACE BY FLOOD OVERFLOW. This land 
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damage results mainly from (1) the loss of the 
current growing crop, (2) the cost and lime of 
establishment of a replacement crop. P) the 
tash of mixiug the new mantle of mud or sand 
with liie soil beneath, and (4) the loss of sod fy 
scouring. The current year's crop is sjmost 
aiwa^T a total loss when inundated by fiood. 
Conditioning of the muddy mantle may dday 
re-esfablisbmeat of crops by one and occasion- 
ally by two additional crop yean. In the event of 
severe scouring, much depends on the nature 
of the newly exposed subsoil. If the subsoil Is 
sandy or of mellow silt, it will bll readily, but if 
it is heavy clay, the capital value of the land is 
badly impaired. 

The thin layer of sill deposited annually 
the Nile is said to benefit CgypC. but it would 
be difficult to find « river salley in this country 
about wlifch its people would consider floods in 
any way beneficial. After a fiood, communities 
agree that the damages from the flood exceed 
the benefits many times over. It is doubtful if 
the people would admit that any sedimeoU de- 
posited In a valley could be suSaently benefi- 
cial to offset the flood damage. 

Uftfift Kindt of Canrf Damagt. OBSTavcTeo 
DKAiNACe. Many thousands of drainage projects 
have been constructed in the United States, but 
all too frequently people forget tliat every drain- 
age enterprise reqtdres constant and perpetual 
maintenance. Tlie result is that most such pro- 
jects in the nation have deteriorated far below 
their top level of performance. Many of them 
arc practically ineffective, chiefly because of the 
lack of maintenance. Lack of tidal gates, inade- 
quate pumping facilities, sill-fiUed ditches, in- 
sufficient tributary ditches, urKl«sized ditches, 
inadequate levees, plant-thoked ditches, and 
deteriorated equipment are common in drain- 
age districts which, theoretically, arc function- 
ing for the pro}>er drainage of land Proper 
maintenance of these already eslaHished dis- 
tricts would be an effective means of attain- 
ing belter land use on many of our lowland 
area-s. 

In addition, we have many millions of acres 
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of potentially good cropland on whicli drain- 
age is needei but on which no efforts at better 
drainage have yet been made. M'e also have 
other millions of acres of coastal swamps and 
marges which could be made into intensive 
agricultural area at any time (hat our need for 
land becomes suffidently great. Feasibility of 
sudi {Hojeefs has been conclusively and re- 
peate^y proved in Holland and other countries. 

IMPROPEK iRRiCATioN. Altogether there are 
more than 24 million acres of irrigated cropland 
in the western half of the United States. Sur- 
prisingly little of this vast acreage is sufficiently 
weH irrigated to produce capacity crop yields. 
Much of this problem is due to (1) application of 
too much water, (2) water applied m the wrong 
'vay. (3) water applied to land that has not been 
adequately prepared for irrigation, (4) applica- 
tion of water nt the wrong time, and (5J shortage 
of water. 

AUALLsm OR SAUNtry. The condition of 
excesrive alkalinity or salinity occurs almost 
entirely in the western half of the nation and 
is commonly intimately associated with the 
irri^hoD of arid lands. If results from the 
evaporation of considerable amounts of water 
from the land surface of regions in which nature 
provides insufficient precipitation to leach the 
salts downward beyond the plant-root zone. 
\Jilhdt of Erosion. Different lands of land, 
when attacked by wind and water, resist ero- 
sion in varying degrees and in different ways. 
Some of these man-mduced t)pes of erosion 
result from washing by water, others from drift- 
ing by wind, and still others ftooi (he combined 
forces of water and wind 

Sheet erosion, gully erosion, and badlands arc 
three stages or degrees of soil washing, whereas 
dust-Uowing fields, sand-drifted fence rows be- 
tween fields, and dunes arc somewhat compar- 
able stages of soil driftmg. 

SHEET EROSION. It has reached an advanced 
stage over much of the sloping cultivated crop- 
hnd and over a considerable part of the range- 
land In the United Stales. The stnirtiirp of the 
si^ has been so completely destroyed on much 
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of the cultivated land that, with every rain, the 
soil tends to puddle and to seal from the impact 
of the raindrops. Runofi and rilling are the in- 
evitable results. Lowered production follows, 
and ultimately gulljing and abandonment 
occur. 

On irrigated lands, rill erosion may occur with 
each irrigation. In certain sections of the coun- 
try, especially on steep, ditch-irrigated slopes, as 
much as 20 to 30 inches of soil have been care- 
lessly washed away in a single decade. 

Sheet erosion on rangeland results from the 
same causes as on culbvated areas: inadequate 
cover, destroyed sod structure, compaction by 
hooves, and the consequent puddling and seal- 
ing of the surface. 

SN0WDBI5T Enosio.N. TTiis is a highly local- 
ized, but in places exceedingly severe, type of 
sheet erosion. It occurs on. the do^vTls\ope side 
of snowdrifts and on clean-ctdtivated sloping 
fields. The snowdrift itself may protect the up- 
per part of a slope from sheet washing but may 
greatly increase the damage beginnuig at its 
lower edge. This type of erosion is most common 
in the Pacific Northwest, although it also occurs 
in many other parts of the country. 

son. SUPS A.VD EARTIi FLOWS. SolI sUpSOCCUT 
only under unusual conditions, mainly when the 
bottom surface of the sliding mass of sod has be- 
come slippery enough and fluid enough to to- 
boggan down the slope. If tills sliding material 
is sufficiently fluid to flow bl.e lava, and often it 
is. it can also be called an earth flow or mudflow. 

ccLLY EitosioN. In certain highly erosive 
sods, gidljing may occur simultaneously with 
sheet erosion, but it is more commonly recog- 
nized. and it occurs more widely as a succeed- 
ing stage of land damage. As guHies develop, 
they lengthen and deepen so that they truly 
divide and sulxLvide farm fields into ever 
smaller and less practicable land-use areas (Fig. 
5). Ultimately gullied land must be abandoned 
or put to some less intensive use. 

BAOLisvns. ^VTien guHy erosion becomes so 
dominant that raw slopes are everywhere, with 


none of the ori^al upland surface remaining, 
with tM> alluvial bottoms foiming, and with all 
slopes approximately at the angle of repose, the 
topo^phy Imown as badlands results. Bad- 
lands are usually wholly devoid of vegetation 
and in such condition are utterly worthless 
agriculturally. 

stbcasi-bank erosion. \Vhen native vege- 
tation covered both the bottomlands along our 
strean^ and the uplands that drained into these 
stieanis. stream banlcs did not erode as they do 
today. Logging, fires, clearing, and cultivation 
have combined to decrease the reservoir capa- 
oty of the formerly forested watersheds; and 
overgyazing, fire, and cultivation have speeded 
the iimoff from the formerly grass-covered 
lands. The original fringe of trees along the 
streant bard: proper, much of w-hfeh is now gone 
^0. fecniieT itAsoiStd stieam-Vraiii wn^ron. 

We have cleared and farmed the usually 
wooded bottomlands so that, when the in- 
creased runoff reaches these lands, the stream 
banks are undermined and the rich alluvial soil 
goes down the river. And, even if the bottom- 
lands have not been cleared, the increased flood 
levels still take them, although at a slower rate. 

WIND QiosioN. Research studies during the 
past ^ years in the dust bowl of the 1930’s, have 
proved conclusively that long-continued culti- 
vation of even the best soils under low-rainfall 
conditions is a hazardous practice. As the soil 
becomes more and more pulverized with each 
year of cultivation, it becomes increasingly vul- 
nerable to attack by wind. 

Sandy soils break down more quickly than 
heavier soils, but no sod is loo fine textured to 
blow. Therefore any cultivated land area where 
strong winds are common — and especially if it 
is an area of low rainfall — is a potential dust 
bowl, even including areas under irrigation. 

DUNES. As wmd erosion becomes more se- 
vere. tile wind-nppled land surface gradually 
becomes more diinehke. If adequate corrective 
measures are not taken, a typical dune topogra- 
phy usually follows. 
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FUNDAMENTALS OF «.✓ 

SOIL CONSERVATION 

Tl>e farnting melhcda a.ul practice* l^bave 
developed in this country dunng the 
years have bee.) many. Somehave 
ficial, others harmful. Some have 
ticable, others impracticable. Some h 
p»Et.ble. otos unprofilabk. The 
IpeetJly sleee Ihe tun, o( the eentuj. be^ 
to pow the latgeit emonnt of 
the lowest possible cost. Too many o 
ing farming practices have prove ^ 

ploitative. \Vhen conservation of the 

Lme an equally important objective-at least 


lo the nation’s economy— it became 

that we must find and develop safer methods of 

iismC our lands. . 

CbmemiUen r..nuinS- He etsent^ toJa- 
mentak of conserveUou fenoing ue (1) t^e 

.lo.len dbitepmgTO lhitii«p»bj;n;iS!j-?l.* 
fa SSraSdlfee pIng »i*j!lBeSJ^ 

Sy "the scieoce or5.nteiv»Uon fanning ha 
So evolytag nnee the early »00^ ^though 

IS eooserHoojLyaaJSSTSeee'^ ‘’’5®“ 

of mSt of the eaillet begmoinp- J 

ceSiaTSi an. of theresgiclyirojeets^ni 
ayjicultutal erpenment al atain.. nh eo adapted 
obiSWriiI“solLconse!y.bon, Have 
proyed tobeHaSSiibTb practices and measures. 
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Tlve long, and successful, search for locally 
adapted green-manure crops and rotation crops 
was among the most notable accomplishments 
in this direction. Some agricultural research pro- 
ject findings and recommendations have proved 
to be in direct conflict with the principles of sod 
conservation. Such, for example, are the prac- 
tices of clean-hlled summer fallow and of stub- 
ble burning. Clean bare summer fallow is the 
antithesis of soil conservation. 

When the soil conservation c.xperiment sta- 
tions were first established about 1930, the prin- 
ciples of soil conservahon were little more than 
ahst of theories. However, from the vast store of 
research done by the agricultural experiment 
stations, from the work of the newly established 
soil conservation experiment stations, and frtrni 
individual experimental efforts by thousands of 
farmen who had long recognized the need for 
better fanning methods, soil conservationists 
have devebped in less than 3S yean a relatively 
stable science. 

During the time of the earliest efforts to get 
farmers to use conservatioo practices, it was 
recognized that good results do not always fol- 
bw simple, easy changes. The problem proved 
to be less simple than that. The lands were sick, 
some in one way, some in another. As with a sick 
person, a careful, contmuing diagnosis of the 
symptoms was essential. Sometimes the initial 
diagnosis proved to be inadequate, and modified 
handling of the case became necessary. 

Because of the complexity of the problem and 
also because the problem differs in detail with 
every change in (he soil, in the slope of the land, 
or in the climate, progress in applying the best 
conservation practices to the different farms is 
necessarily slow. 

Before making recommendations of conser- 
vation practices for the different parts of any 
partiadar farm, the soil conservationist must 
first be able to classify adequately all the lands 
in this farm, and second he must be able topre- 
senbe suitable conservation practices for eacb 
of the kinds of land he finds. 

There are strong indications that theciurendy 
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increasing need for, and tlie use of, the dietary 
phases of medical science may be largely the 
result of soil deficiencies. Soil and health are 
being watched more and more closely for their 
interrelationships. 

^^^Principlet of Comerration Farming. Ever 
since flie first soil conservation programs were 
evolved by erosion experiment station personnel 
in 1930 to 1931, two cardinal principles have 
stood out. 

The first of these is: Effective prevenlion a nd 
contro^f_soil cfosion_an(J_ode(fU<He conscri'a- 
tiofl of preci pitation in ant/ la nd a r eaK gutre 
that the carious kind s of /and be used in^cord- 
ance wU h their ca paZii/it!/ and needs. Naturally 
the capabilities, adaptabilities, and fa cilities of 
the landowner must also re ceive considera tion. 

The second of these two'guidjng principles is: 
E fficient oppheotio n of cons ervation measures 
to vanow kinds of tana requires the a Mtstgn ee 
of tcchnf cEiT bur^ t/ie /and.' Some farmers 
lave the know-fiowlb be their own technicians, 
but as yet most farmers do not. 

Almost without exception, when these tvro 
principles have been carefully adhered to. the 
recommended use and pracUces have proved 
to be sound. On the other hand, when some 
overzealous worker has attempted to short cut 
these prinoples and thereby speed up his work, 
be has found that his efforts usually brought him 
more trouble than benefits. 

COOPDlNATED PLAN OF SOIL CONSERVATION. 

Before m aking any recommendations _£or a 
particidar tract of land, the soil conservationist 
must be able to classify the different kinds of 
land within the tract and to determme-the^jon- 
servahonneedsoneachkindofland(Fig 6) He 
must fcnosvhowlb evaluate the various ecologi- 
cal factoR diat contnbute in any im portan t, way 
to this compLcated problem, and~then. finally, 
he must be able to apply or even create remedial 
measures to correct the unwis e uses a nd 
methods of land management that he has en- 
countered. In fact, be must be a geologist. soJ 
specialist, geographer, land appraiser, engineer, 
agronomist, forester, range specialist, biologist. 



Soil C4>n\cnttkn) 



ilfs-i 



92 

tionist undertakes the planning of conservation 
for a farm, his first step is either to obtain or lo 
make an a dequately a ccurate ma p of th e land. 
The best possible farm map i s a vertical ae rial 
photog^h on w hich t he most important phys- 
ical factors arc shossTi. Usually only four factors 
are needed: soil, slope, erosion, and wvenbul 
other factors may, in special instances, be 
shown. From his knowledge of these several 
contributing factors, he evolves a particular 
combination of practices for each differentiated 
unit area on the map The individual conserva- 
tion practices, most of which are briefly de- 
senbed on the succeeding pages, are the tools 
which he suggests lliat the farmer use to get 
effective conservatha fanning. 

X^ind Capabilitief. ^^'hen one thinks of all 
the kinds of sod, all the differeot degrees of slope, 
and all the kinds of climate w-e have in this coun- 
try, the variety seems endless. Since the com- 
bination of these three things is what makes the 
different sorts of land we have, we can appre- 
ciate why our lands differ greatly in the type of 
use to wVuch they are best suited. This is defined 
as their capability; however, this is not neces- 
sarily related to fteir productivity. 

More than one system of classification of the 
land's capability is being currently employed in 
tlii< country, but only the one in use by the 
United States Soil Conservation Service is based 
entirely on capability as to land use. The other 
classifications mainly emphasize the factor of 
productivity. 

This capability classification places all lands 
in one of eight classes, w-hich are very briefly 
desenbed as follows. 

CLASS 1 . Very good land that can be cultivaled 
safely with ordinary good farming methods. It 
is nearly level and easily worked. Some areas 
need clearing, water management, or fertihza- 
tioa. 

ciASs II. Good land that can be cvdtivaled 
safely with easily applied practices. These in- 
clude such measures as confourmg, protective 
cover crops, and simple water-management 
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operations. Common requirements are rotations 
and fertilization. 

CLASS HI. Moderately good land that can be 
cultivated safely with such protection as ter- 
racing and strip cropping. Common require- 
ments also include crop rotation, cover crops, 
and fertilization. 

CLASS IV. Fairly good land that is best suited 
lo posture and ha)', but can be cultivated occa- 
sionally — preferably only once in several years. 
Even when plowed only occasionally the most 
intensive erosion prevention practices are 
required. 

CLASS V. Suited for grazing or forestry with 
little Or no bmitations. 

CLASS V7. Suited for grazing or forestry with 
minor limitations; needs protective measures. 

CLASS Ml. Suited for grazing or forestry with 
major bmitations; needs extreme care to prevent 
land damage. 

CLASS vui. Suited only for wildlife or for rec- 
reation. This land usually is rou^, stony, sanity, 
wet, or highly erodrble. 

With these land capabilities as the basis of 
the fann plan, the conservationist builds his 
program to fit tbe particular foundation on 
which be is working Then he adds the neces- 
sary structural details to brace and strengthen 
adequately the completed plan. The product of 
these procedures is a conservation farm plan 
designed to fit one certain farm. Although it 
probably wiH fit no other farm perfectly, it wffl 
probably serve other farms having si milar meas- 
urements and specifications just as a suit made 
lo one man's measure fits another man of similar 
height and builcL 

V^^nc^of Conterralion Praclicei. Tbe pres- 
ent conservation practices have gradoafly 
evolved since the early 1930's by adaptations 
from research and experience. The current list 
of conserv-atfon practices is stiff in an evofotion- 
aiy status and has in no sense become a fi-xed 
pattern 

VedNTouRLVc. This consists of plowing, plant- 
ing, cultivating, and harvesting sloping fields 
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on Jhe level, lhat h, farming on ihc conloiv. sdlcn follow ihe conlonr, anti llie Interval 

aionnd hillsides Mth enrving furrows and rows between furrows varies with the Land and the 

that El the lay of the land, iastcad of with cover. Tliis practice gives l)est results when the 
straight up-and-down-hill furrows. The curved subsoil is dry and brittle enough to shatter when 
furrowsretard nmoffand allow rnuch of iherain thesubsoilcr jusscs through it. 
water to soak into the ground (Fig. 7). This con- ^-tERiuciNC. It is ridging land on. or nearly on. 

serves water and greatly retluccs the amount of the contour. This practice liuilds up low ridges 

soil that is wushed aw ay. or emlianVnients of soil across sloping fields to 

\,coStov'r Punnowtsu. This practice consists intercept runoff Terraces witli a sliglit grade 
of making furrows on the 1cs*el in pastures and slow down runoff water, resulting in greater a1> 
ranges to hold rainfall and retard runoff, thus sorption by the soil and in guiding Uie runoff to 

helping the growth of forage plants. \\1»e»erun' a safe disposal at the sides of the fields. Tliis 

off has l)«n common, this mca-sure decreases controlled excess water nins off slowly, causing 

the erosion and runoff and virtually increa.scstlie relatively little erosion. Level terraces hold all 

effective rainfall. the rainfall on tlic land, unless they are over- 

\.co<rovu sunsQiUNR. In this practice the lopped. 

liardsulrsoilisbrokcnSQ that it canabsotbrain- u-irtv'Enstos aiAVsm. Tliese are channels 
fall more readily. Tills is done most commonly with a ridge on the lower side. The ridges some- 
on pasture lands to Improve the forage gro'^'ib. times are larger tlian field terrace ridges and ore 
although It Is also done on cultivated land. Sub- generally farther apart. Otherwise they are 
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much the same. They are built, with a low dian- 
nel gradient, across slopes to divert dama^ng 
aniw’asteful runoff. 

V/sTKiP CBOPPiNG. This coHsisls of planting 
strips of close-growing plants, like grass or 
clover, between strips of clean-hlled row crops 
on. or nearly on, the contour. The strips of cdoso- 
growing plants retard the runoff, thus greatly 
decreasing the erosion on the clean-tilled strip 
below. They also stridn out the sod picked up by 
runoff water from the plowed strips. 

FIELD STRiPPiNc. This practice places alter- 
nate strips of cultivated crops and cover crops 
roughly at right angles to the main slope of the 
land {Fig. 8). It is a crude substitute for strip 
cropping. 

t/wiND STRIPPING. Alternate strips of dean* 
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tilled and thick crops are planted at ri^t angles 
to tlw prevaihng wind. 

V-STOBBLE-MULCiiuvc. This practice is also 
sometimes called trashy fallow. It involves 
leaving crop residues and soil-improving crops 
at least partly on top of the ground Instead of 
burning them or turning them under. These 
materials include grain stubble and straw, corn- 
stalks, crotolaria, lespedeza, sweet clover, and 
other protective cover crops. This practice pro- 
tects sod from erosion and from baking, cuts 
down runoff and evaporation, lowers the soil 
temperature in hot summer weather, helps the 
soil to absorb more rainfall, decreases the degree 
of freezing, and aids the growth of useful bac- 
teria in the soil (Fig. 9). 

v^VLCJONC. The application of a surface 
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ind wind etodofl. (Sofl Cowefv.Hw Sefvie*.) 


mulch onlo Ihe Md Is not . genetal 
However, the ptsctlce Is Incoming 
mon in msny ol the mens sshere 

escessive erosion on Ur. » 
bare, cnlllvatesi fields. Many Moch of 

dues are carried or haulrd from the points where 

they o«»r In e.ceas to fields that are 
p.t.ll.ctiO«. Many Unds of straw, r ln spoiM 
liay, chopped'up tree, cane and vine p 
niidnst, p^t, and chipped wood are in eorrent 

c^rsras:™pre«;«'"^- 

lating prodwetion of soil-buaAng 

«)a.im^.V6rishing crops. On riA 

the soil productive, and on nmdo^ 

proves L sort. In a good X 

building crop improves the ot * .f’t 

rotatron fJ .sample, nitrogen rs 

sod by the legumes, sud. as clover, ^ 

peas, rmd l5»dera. The nltregen I.Hs_ft^ 

Sed by the crops that do not have the “ 

B. nliogen, reeh as wheat, cm 
tolarreoXd potatoes. Bot.tion. often are inte- 


grated with snip cropping by ‘“tUng 
^ng ships and the clean-uned strips at fixed 
SXa In ibis way. soJ-building and etosion 
OTlrol are simultaneously accomplished, 
VeovEii cnors. Such crops are deihe-poiving 
so that they can prevent erosion of cultivated 
areas at times when there would olhetwase be 
few ot no plants on the land to protect it from 
wind and water erosion. There are summer, 
wuiter. and perennial covet crops. Le^me. 
and etasses are the most common (Fig. lU). 
^Tiuzino. This w the use of manure or 
^ tertlhrer on land ihnt nee* adiUciJ 
Jrail food to stimiilate greater plant powth 

XuiuNsoi!. Tlie praeace involves the removal 

of eaeess water from wet land by dilches or ^ 
rde drelos. Such lutificud waterways mod l» 
kept free of sHt. either by protechng the water- 
sbS from etosion ot by desilting the water as 
enters. It may require levebng. 

^nicstioN. In this pracUce. water is spread 
^and by sale methods to Increase crop yields, 
^ying water wsth overhead spiinH.rsystems 
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n^j. 10 Although clean eullivab'oa bu loag been common in the DUnagnont of fruit and 
nut orchards to this country, cover crops (some for tb* endte year asd ethers for only part of the 
you) in orchards are Increasing (a both acreage and impoitance as the tandonisers endeavor 
to protect more completely their soOi. Tumiag the crop ondcr as a greea maaure or harvesting it 
with sheep are cannon inanagetneet methodi. (Sod Canserva(h>o Service.! 


Is the safest method, since it b easiest to control. 
Many other methods are used. 

S/1^CATION DEVELOPMEKT AND UtPBOVE- 

ME.VT. This involves management of water for 
irrigation. The term management includes 
budding and improving wafer djstribiitiOD sys- 
tems on farms; land preparation, such as leveling 
or draining; measurement and control of water; 
development or improvement of springs and 
wells; and the disposal of waste water. 

WATHi SPREADING. This is the controlled 
spreading of nmoE water in areas of low ram- 
fall, from the foot of slopes and from guOiesand 
washes over the nearby land that needs more 
svater. It is a crude form of irrigabon. It is done 
by dikes, dams, and other means of div^ting 
water from one place to another The objecbve 
is to make use of all water in low-rainfaO areas, 
raAer than waste it. 

'^/'chassed watebways. These are the protected 


channels and outlets that carry off excess water 
from farm fields, “rhese waterways are stabilized 
against erosion by planted grasses, legumes, 
and^ines. 

\«'’€reen MANinuNc. This consists of turning 
under grain, legume, or grass crops while green 
to improve the soil by adding to the supply of 
organic matter. The crop yields, the condibon 
of the soil, and the control of erosion are all bet- 
tered by this practice (Fig. 1 1). 

N^MEADOW DEVELOPMENT. The pfacbcc in- 
volves using land not suitable for cultivation for 
the production of hay. The land is plowed only 
to renew planting. 

\y<lASTDRE DEVELOPMENT. Ncw pastures may 
bedevel<^>ed with selected grasses and legumes, 
and different combinations thereof It may m- 
clude fertilization, liming, drainage. irngaOon, 
fataag, clipping, spreading of droppings, and 
other measures. 
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PASTUHE IMPBOVEAtENT. Tllis inVolvCS ihc IKC 
of measures ihai increases growth and improves 
quality of forage grasses. It Includes such meas* 
uies as deferred and rotation grazing, proper 
stocking, stock water ponds or wells placed to 
encourage licttcr distribution of livestock, spao 
ing of salt and bedding grounds for the same 
purpose, reseeding, liming and fertilizing, basin 
listing and contour furrowing, water spreadii^ 
weed control, clipping, spreading dropjM^, 
and protection. 

VixcE iMPROvTMErrr. It ins-olves the same 
group of measures as pasture improvement, 
llowever, it generally uses only those whidi 
can be accomplished at low cost, because of the 
mu^lower returns from rangeland. 
'''wniYcovniou By using plants and mechan- 
ical measures erosion may be slopped in gullies. 
Such mcisuics reduce the rale of water ffow. ft 
is done by using (1) grass, vines, trees, and 
shrubs; (2) flumes and other devices to lessen the 
cutting power of falling water; and (3) dams for 
cot^litng silt. 

^eio AND fitlLLY PUANTINC. TMs fHVolveS 
planting eroded or erodihle land, which is un- 
suitable for cidtivation, to trees, shrubs, grasses, 
vines, or other useful plants that will help stop 
erosion and will also conserve rainfall. 


WOODLAND lURVTSTINC AND lMPnOVESJE,VT 
ctirriNcs. These practices consist of cutting 
for lumber, pulp, and other uses according to 
sound forestry practices. Such cutting promotes 
rapid growth and makes wood a regular crop. 

POND SIA.NACEMEKT. This U the use of suit- 
able measures (1) to protect ponds from erosion 
and from siltabon and (2) to aid production of 
fish and other pond wildlife. 

V^iuterbelts and windbreaks. The prac- 
tice invsdves the planting of trees and shrubs 
in strips or belts usually one to ten rows wide. 
Tlie main purpose is to deflect wind cunents, 
thereby reducing wind erosion and snowdnfl- 
ing. Such strips of trees and shrubs reduce 
dr^ghtiness to the leeward and also protect 
people, hvestock, fields, gardens, orchards, and 
tnuldiogs from the elements. 

Tiushst of practices shows ooiy (he most suc- 
cessful metht^ which are currently in wide- 
spread use. Additional practices for conserving 
sod^d water are developing constantly. 
Vvatershed stA.NACcsr£ivT. Thirty years ago, 
sod conservationisU all over the country tried 
in vain to get commtmittes to tackle the task of 
soil conservation on a watershed basis, but it 
seems in retrospect that tlie public did not have 
(hen an adequate understanding of the problem 


Ft*. 1 1 Green minining 
“■ith legumej or witli gT*M- 
lejumer mhtujM with the 
<i<ul objective of restoring 
terSJ/ty »nij improving the 
tilth b probaM}> the mart 
vsjiuWc »o9<onserving pruc- 
»iee VnowT). (Soil Conrerra- 
Boo Seivtce.) 




OS 

to accept that approach. A few svich projects 
were started, and still fewer were cairicd 
through to a successful conclusion. 

During the past decade, however, the water- 
shed approach has gained noteworthy momen- 
tum, and is airrently die most promising aspect 
of ulUmate successful attainment of good larsd- 
use in our country. This approach has tended to 
bring the best inleresis of the urban and the rural 
residents into a single focus, because the water- 
shed approach lias already shown dcBmte, and 
sometimes striking, evidence that floods can be 
materially lessened and possibly eliminated 
from many of our drainage basins. 

To attain success in watershed management, 
all the pcofde residing in a watershed must svork 
in unison and for the common good. To do this, 
the interests of the individual must lie subordi- 
nated to the community's prime needs. 

HISTORY OF SOIL CONSERVATION 
IN THE liNlTED STATES 

N,/FrovenUon of soil erosion has lieen advocated 
by a few far-seeing persons ever since colonial 
times, but little was done to accomplish erosion 
control on the nation's farmlands except by a 
few zealous mis.sionaries on their own fields. 
vCeorge Washington and Thomas Jefferson ad- 
vocated and practiced safer use of their crop- 
lands. 

Only since the late 1^0’s and early 1930’s 
have such misrionaries been more than a snrice 
in the wildemes^^r. H. H Bennett made the 
first impression on the national consciousness 
when, chiefly throu^ his influence. Congress 
established ten erosion experiment stations in 
1929-1931. 

The immediate results of the research started 
at that time on the experiment farms were so 
striking that in 1933 the Soil Erosion Service svas 
established, with soil conservation as itspnmary 
objective. A number of soil conservation dem- 
onstration projects was started in 19.33-1935 at 
key locations throughout the nation When the 
Civilian Conservation Corps was started m 1934 
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to proviile employment for our young men, 
several hundred of the CCC camps were 
assigned to the Soil Erosion Service. Most of 
these SES-assigned camps worked either on the 
projects ntentioned or on new projects estab- 
lish^ specifically for the CCC camps. By these 
means, a total of several hundred demonstration 
projects on soil coiucrvalion was established in 
all parts of the country. 

In Apnl, 1935, Congress passed the basic Soil 
Conservation Act (Public Law 46, 74th Con- 
gress), declaring it to be tlic policy of Congress 
to provide permanently for the control and pre- 
vention of soil erosion. Congress, at the same 
lime, authorized the Secretary of Agriculture 
to establish the Soil Conservation Service to 
effectuate this policy. In accordance with the 
wording of llic Act authorizing the secretary to 
"utilize the Organization heretofore estab- 
lished," the secretary renamed the old Soil Ero- 
sion Service os the Soil Conservation Service. 
Most of the soil conservation work in the country 
has been done under that Congressional 
authority. 

In 1936, two hnes of attack on the soil con- 
servation problem appeared: the beginning of 
the soil conservahon district movement, and 
the beginning of subsidy payments by the 
federal government for establishing of conserva- 
tion practices 

Since then, and more especially since 1942, 
the polity of the Soil Conservation Service has 
been to estabhsh conservation practices on the 
laod through the medium of sod conservation 
districts (Fig. 12). Although the first slate en- 
abhng legislation for the creation of such dis- 
tnetx was passed only in 1937, the soil conserva- 
tion district is now a nationwide institution 
Each of the fifty states, as well as all our 
territories, now have enabling legislation. All 
of this enabling legislation was passed by the 
state and territorial legislatures dunng the 1937- 
1947 decade. Sod conservation distncts are 
legally constituted subdivisions of the states and 
temtones. By July 1, 1964, they numbered 
2971. and new districts are stdl being orgamzed 
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neatly evciy nionlli. The evolution of the Iqjil 
soil conservation district of today from the few 
soil coiisers-ation associatiom organized by farm- 
ers in the early 1930’s, in connection with Uie 
Soil Erosion Service Demonstration Project*, 
has Ireen an amazing development. 

The initial wave of district organization oc- 
curred mainly in the areas that were solidly 
agricultural and where crosfoti was severe, Init. 
since then, the extent of tlie district organization 
has Ixrcome an almost solid blanket covering the 
farms of tlic country. The va.st acreage of ferferal 
lands, together with the minor percentage of the 
land area that is agricultural, in the eleven west- 
ern states, accounts for the large areas uirhotit 
districts In much of the \\'est. The forested areas 
of northern Minnesota, northern Micliigan. 
northern Kew York, and northern Maine also 
have few such districts. 

Several predominantly agricultural areas were 
notably slovr In joining the nation-wide land- 
slide in organizing Soil Conservation Districts, 
especially in California, Oregon, Missouri, 
Indiana, and Pennsylvania and in tlie TV'A. 
In spite of odlcial opposition in these areas. 
Soil Conservation Districts (organized and 
operated by farmers) have spread over much 
or all of the areas named, ft now appears certain 
that all the farms in the nation will ultimately be 
within organized districts. 

During (he past few- years, many hundreds of 
these districts have had their names changed, 
either by state lepslation or by action of their 
governing boards, Irvm Soil Conservation Dis- 
tricts to Soil and Water Conservation Districts. 
They had found that their objectives required 
this broader concept in order that their name 
adequately portray their work. This trend may 
swell into a nationwide rash flood of name 
chanpng. 

The governing body of each district is elected 
by the landowners and operators, and it guides 
(in some states it has the power to control) the 
type of use for all lands withm the district 

The United States government began a cash- 
subsidy approach to soil conservation in 1936 
throu^ the Agricultural Adjustment Adminis- 


tration. Since then die name of the bureau has 
been clianged repeatedly. Currently, it is die 
Agricultural Stabilization and Conservation 
Service. It pays part of die cost of some of the 
conservation practices. Tlie payments are ad- 
mi'imtcrcd liy local farmer committees after 
technical approval by the Soil Conservation 
Service. 

ffhriti on Fnfrraf /jini/j. The 
several federal agencies which administer large 
bnd areas in diis country liave authority to do 
soil an<} water conservation work on the landi 
under their respective jurisdictions. Tliey are 
nirrendy caJT)ing on soil ajid water conserva- 
tion work on these lands within die limits of their 
present appropriations. 

Tlie farmers of the United States are much 
better conservalionists today than they were 
SOyeaisago. ,Ai tlie same time, the urban people 
of the nation have a much lictter comprehension 
of the need for better land use than they bad 
during the lQ30‘t. 

Everywhere one travels today— from the 
Pacific to the AUantic and from Canada to 
Mexico— one sees conservation practices in use 
the owners and operators of our several mfl- 
bon farms and ranches. Although relatively few 
farms have attained the ultimate goal of safe 
land use, most of the nation’s lands have one or 
more conservation practices which were neither 
used n«>r believed in 30 years ago. On the other 
hand, there remain very few l^d owners who 
sbowr a complete disregird of the pnnaples of 
safe larjd me. Thirty )vars ago. a vast majonty 
of our farmers displayed an utter disregard of 
these principles. The evidence proves that there 
has been tremendous progress dunng these 
years toward the ultimate goal (Fig. 13). 

Community action, particularly with the 
watershed as the unit, is currently sweibng the 
tide toward better and safer land use. In hun- 
dreds of watersheds across the land, most of 
them small and wholly within a single conserva 
tion chstrict, united action of the entire popu 
latJon has made safe land use their immediate 
goal. Some have already attained their goal, but 
most of them are on their way toward it. Some 
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CHAPTER 6 

Irrigation in the United States 


A ,t»ay ot InipM at tWs lim' 

Konomic history most bo stroctored somwl^ 
Morently Item the approaches of J 
smtallons. Ue rise ol irdgation u “ 
i„ the Amoricao West most ■»« W 
the same histoncal events will luve ne , 

Utions when viewed against the ptof” “ 
lids decade. The eontempoeaiy scene Is one m 
which old l».t new shadoivs are broogit 1^ 
focus. The gap between supply an 
hm obviously been present since man began I 
urn water, L today there Is an element J 
aniiety on ihe part of some resource s 
As IhCT glance across the gap from 

cwvc of airrent and antjcipaled water “ 

view the prospect of a more stable Ime d 
supply. Aey have sufficient reason Jo 
apprehensive. It Is the shrinking 8®P 
tS upper limits into focus and ^-ith ‘he 
awareness the old irjstitution of imga 
on a new look. Ar,d yet there are o*er 
saentists who recopiize the -wiand- 

technology, and they see a “"^.[{J.Swcts 
log water use and irrigation In 

relative to water in general and 
parbaJar me certainly not all in. •".= 
of this chapter la to review these ^ 

ing to whether they are acceptab e. rp 


able, onderstood, or otheAvlie. piete ts neri 
tor the closest scniUny along all fronts and the 
esublishment ot water pobefes that 

►. »he oast but dares to look to the future. 
?^;;L:'.t «S:tb.igat.on h caught in this 
dpanuc ssrirl of Ihonghbi and actions. 

EAKLV llISTOnV OF inRICATION 

"”"v^er“ee’ay»SS“*^”- 

this need was undoubtedly saiafirf 
Sy millenniums before the term imgoH^ 
^Led. There Is evidence of imgjtioii m Je 
S «ea around 3000 to 2500 a.c. The stren^ 
of the Babylonian Empire wm iwlcd hi » 

,rri«ted aericulture. The pracUce of 
io aourSed in South ^eric^ be- 
time of Christ. The Inca culmre of Pew 

rSi^^tijn system. 
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The intermediate or the pre-pioncer period 
of American irrigation could be defined as the 
Spanish Era. It \vas characterized by the activi- 
ties of the Spanish missionaries operating in the 
American Southwest and California. The Ro- 
man Cathohc padres endeavored to establish 
among the natives an agricultural way of life 
based upon improved methods of irrigation. 

The modem period of irrigation began on 
July 23, IWT, when the Mormon pioneers 
directed the waters of City Creek on the dry 
pediment slopes of Salt Lake Valley. Other 
irrigation endeawjrs by the Anglo-Saxons pre- 
ceded the 1847 date, such as the irrigation of 
garden tracts outside Fort Bend on the Arkansas 
River in Colorado in 1832 and the irrigalioo of 
fields by Protestant missionaries near WaDa 
Walla, Washington, and at Lewiston, Idaho, in 
1836 and 1847, respectively. It was not the prior 
date, however, but the institutionalization of 
modem lirigatioa that gives to Utah the claim to 
the title, "Cradle of /inerican Irrigation.’’* 

As other groups occupied the land of the arid 
West, Irrigation became an integral part of their 
activity. The Union Colooy at Greeley. Colo- 
rado, in 1870, was important since it proved 
that the method of settlement developed in 
Utah could be established on a community basb 
without the theocratic social bond. In the wake 
of the Greeley success came projects at Boulder, 
Longmont, Fort Collins, Loveland, and Colo- 
rado Springs. 

The important issue is not so much where and 
when irrigation started but why. The primitive 
peoples who spread waters along the alluvial 
fans in smithwest Asia responded to the same 
basic need to irrigate the land that prompted 
the natives of the Salt River Valley in Arizona 
to construct canalij to bring the water to the 
desired places. The activities of the missionaries 
in the Walla Walla Country reflected the same 
needs that prompted the Mormons to spread 

’ John A. Widsto*, “A Cmhify of IrrigaKon." K«eIoBnir!o» 
Era, Vol. XXXIU, 1947, pp, 09-102. 


water on the pediment slopes. The uniqueness 
of the issue is the introduction of irrigation in 
many places and at different times. 


IRRIGATION /VND 
PUBLIC L<\ND POLICk' 

Irrigation in western America is inextricably 
tied up with the development of land policies. 
The Desert Land Act of 1877 was designed to 
bring land, water, and man together. The Act 
enabled the selUer to purchase 640 acres of 
land providing he agreed to irrigate it within a 
period of three yean. Several million acres of 
land entered unir the Act of 1877, but most of 
it went to build up landed estates 

Because of many tUsappoinlmcnts and the 
confusion of ideas growing out of the Desert 
Land Act, public sentiment was aroused in 
favor of state intervention in the matter, The 
Gist National Irrigation Congress in Salt Lake 
City ht 1891 and the second in Los Angeles ia 
18^ went on record as endoning the cession of 
the public land to the states. The trend culmi- 
nated in the Cary Act of 1894, which permitted 
the Government to donate to the western states 
an amount of land not to exceed 1 milhon acres. 
The states in turn assumed the responsibility 
for the settlement, iirigabon, and cultivation of 
the segregated acres. A total of about 4 million 
acres were segregated under the Act, but only 
a trifle more than 1 milhon were ever patented. 
The Cary Act of 1894 failed to achieve great 
success because state officials were without the 
necessary interests in reolamatioQ projects. 

Keclamarion Act of 1902. The Reclamation 
Act of 1902 marks an important guideposl m 
the histoiy of irrigation. The motivation for the 
Act stemmed from many sources. There were 
the failures of earher le^lation to cope ade- 
quately with the problems of land and water. 
For a half century the Umted States had been 
aUe to offer to its citizens, and especially to its 
war veterans, land that could be easily culn- 
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able use” has beea introduced. In Utah. New 
Merico, Washington, afld OUahoma, tbe doc- 
trine of prior appropnatioo has been adapted 
to groundwater with “beneficial use" providing 
the essence of the right, and with priority in 
time, the better ri^t. 

In CaMomia tbe allocatian of a limited snpply 
of groundwater is governed by the doctrine of 
correlative ri^ts.^ Accordingly, eadt land- 
owner is entitled, when the supply is short, to a 
reasonable proportion of the common siipp^. 
The correlative ri^ts for groundwater are an 
expression of the modified California Riparian 
Doctrine. It is prompted by a consideiab'cm of 
moral fairness, but the doctrme does not protect 

’Roy E. HuSman, Imgatton Dmrlopmcnt and TKhBo 
Wolw Policy, New Toit, 1953, pp. 31-32. 


the man who came first. Interest in the Cali- 
fornia line of judicial reasoning has increased as 
domestic and industrial demands for water have 
mounted. 

3. As )^t there are no laws regulating directly 

tbe use of water in the air. The few laws that do 
prevail were set up to license ram making or 
doud seeding. If irrigation is defined as the 
aitifictal appb'cation of water to land foragrieiil- 
tund purposes, then cloud seeding may some 
dayr come under that categoiy. 

In review it should be noted that water law 
IS a unit in name only. The laws have been 
established m response to needs that have vaned 
from time to time and from place to place In 
large measure each of the needs has been treated 
separately as it has arisen At the same time 
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Irtigalion in the Vnited Steles 
si™ ue now imJot wny lo develop compre- 
hensive, onJllple-porpore river bosm 
Inil without altering the underlying bodies of 
separate law. 

r.VTTEUN OF IIiniCATION IN 
THE UNITED STATES* 

In 1959 there were 33 million irrigated acres 
in the United States, and every state ^ 
rreented. Ihe aereage, however, '™' 

•lout 4(10 acres in Rhode Is and to over J mfl 
lion in CaUIoreia Table 1 hits a 1 s'*« 
more than 100,000 acres, 

Include more Oian 98 percent of the total Im- 
gated acreage. 

T»bl« 1. Irrlpiol Aerraff tn th^ 

(State, with H ere -11-0 ICO, M° -"ej 

„ „ ; 
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7,3955™ 

5.6SS.63« 
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2.5Te.SS0 

Nebraska 

2.077.926 
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tVlumlng 


Oregon 


Anzonj 

1,081.663 


i.on6.9e9 

ttaiVnnglon 


Kflarar 


New Menico 


.Arkansas 


Nevada 


Lindsiaita 


FifJriAa 





115.629 
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The 33 million acres represents ^ increase 
of 28 percent over 1950. Most of the increase 
U«k pkee on the Great Plains with Tex^ to^ 

Uie list Tliis marked increase is due l^ely 

Kte development of groundwater supplies in 

I PUirw States (F.g. !)• I" Colorado, Nevada. 
Utah, and LorUsiana there was a shght dcote^ 
in Itrimded aereage during the same penod 
GroiindwSer development U not os common hr 
dm Monntah. Slate, as on fte Cnat tos and 
Ihe surface supplies have been utdizrf for sc 
eral decades. Furthermore. In 1959 lliere was a 
dfoudit in the Great Basin that Umited acreage 
STNSada and Utah. Tlie decrease in Louisiana 
provoked by the decline in nee “reage. 

. • VnA ftf-TPace alone the Pacific Coast m- 
23 percent during the Ust decade; in 
this area bo* groundwater and suHace water 

S( ?hftotl amount lit irrigaUon water that 
Oi tic rerw greundwalet supplies 

d vSL' “ I”-"'' ?! 

?J^^naona where the irngaliou comp.mes 
Sre riiout iwo-rdlhs or their water from 

"“““^“'"It'eru^Sled^y the changes m 

tbeun^ consoliikhon that is 

to ^o^odate modem mechamra- 

necessary to acco , decline is in the 

northern ^ roiects have recently 

ingtoo where edc P ^ ^ dry. 

cu. 
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costs of the multiple-purpose projects — ^within 
this frame of reference, irrigatlort benefits. On 
the other hand and within the same context, 
irrigation becomes only one of many uses, in- 
cluding power, flood control, navigation, mu- 
nicipal and industrial water, salinity control, 
sedimentation control, sanitation, recreation, 
and fish and wildlife. This spectrum of uses cer- 
tainly gives irrigation a different role in the 
reclamatinn program today. 

The ’'Rights" to Use Ifbler, As the federal 
government wrestled with the problems ofland 
disposal and irrigation, the state governments 
were involved in creating a most complex set of 
rules to regulate flie ri^ts to use water. These 
water ''rj^ts” became rights to use and not of 
ownership; they were usufructuary and not 
proprietary in nature. This is a fundamental 
principle ^ all prevailing water laws. The doc- 
trines or rights may be grouped under twomajor 
headings: "riparian rights" based on common 
law and “appropriation rights" based on statu- 
toiylaw, 

COMMON Law DOCTBLNe OF fUPXBlAN BlCim. 
Legal structure pertaining to water ri^ts in 
eastern United States has been shaped by the 
English common law. The demand for water in 
humid En^and was largely for domestic needs, 
livestock requirements, and power; thus the 
early regulations gave ri^ts to landowners 
whose property was adjacent to the water- 
course. The nparian lan^wners were entitled 
to water that was unpolluted in quality and un- 
diminished in quantity, except for the quantity 
used by upstream riparian owners for domestic 
purposes. The key to the riparian doctrine is 
accessibility. Once the land-water connection 
is severed, by lawful means, the rights are per- 
manently lost Thus the riparian system is ever 
contracting. 

The riparian landowner may theoretically ex- 
haust the stream to satisfy his domestic need, 
but such a demand is highly improbable. Ac- 
cording to a modified doctrine of riparian ngbts, 
the water may be used for purposes other Ilian 


domestic, but the users are limited to aso-called 
reasonaUe share for artificial needs. When the 
supply is aderjuate, the problem of determining 
reasonable use is not diflicult, as has been true 
m the past, but, when shortages threaten, the 
common law of riparian rights provides no quan- 
titative guide to apportionment. Bushy recom- 
mends that the riparian doctrme be improved 
by instituting into state legislation new basic 
policies that contribute to “beneficial use” of 
water with an equitable division of supply 
among present and potential users.^ 

STATimjRV OR APPROPHrATION RICHT. The 
appropriation doctrine as applied to natural 
watercourses means the exclusive ri^t to the 
first appropriation. But it is a right that is con- 
ditioned by beneficial use. The doctrine permits 
the water to be diverted to DOvripanaa and 
riparian lands regardless of diminution of stream 
Bow. It was supposedly applied first by the 
California placer miner in 184S-1849, when the 
^1d seekers followed the expedient course of 
directing water to the mining daims. It tvas sim- 
ply a matter of no water — no placer mining 
The California courts have since upheld these 
actions as valid local laws suited to the immedi- 
ate problem. Actually, however, California was 
one of the western states to adopt in 1850 the 
doctrine of riparian right. 

la Utah the doctrine of prior appropriation 
bas been the law in essence since the hformons 
catered Great Salt Lake Valley in 1847. Brig- 
ham Tbung made it known early that the streams 
belonged to all the people. In the homogeneous 
Mormcm communities, the problem of deter- 
mining beneficial use was miaimized; a decision 
handed down from ecclesiastical leadership was 
generally sufficient in such temporal matters 
Thus, throu^ trial and error, a workable sys- 
tem and a code of water ethics were crys^- 
Bzed: ’"Those first in time are first in right, but 

*C. C. Busbjr, '‘Regulation and Ecnnoimc Eipannoo," 
Walee, JTie Yauhook of Agrfcul/ure, U.S. Department of 
Apicultme, CoverTinient Printing Office. Wisliioffton. D C, 
I95S.I7 66C-676. 



107 


ImgaUonintheUnHedSUlM 

beneficial use is ihc limit and nieasure of ngt 
Tlie appropriation doctrine also has its short 
comings. The foHosving suggestions by B»^y 
^int up the weaknesses and offer a pla«s.Me 
improvement of the system. 

1. Provide a means ssheml.y » 
Otappmprtaled water may Ire anlhorraed under 
a iMsic water conservation progrjmi. 

2. Bedrrce or abolish the 
which permit! a latrson "1“’ 

hwtnl Hdit to aerprite the right wilhoot oot« 
t Leh icmrplng water fa a st.totn pi penod. 

3. Improve Ihe st»dards whereby hcrwUclal 

use may be ascertained.® 


The commor, Uw ol npari." "S 
slowly; it is largely )udgmmade I™ “ 
mles ol preoederit without " 

lutote needs. On the other hand, the slaml^ 
nrles are taolaled by . pr«»s »' 
they have evolved mote rapidly on the odvte « 
spr^lalsl. and Uyman, and they 
Sly ehanged In Ihe light o! new 
Fnnhermore. U.e riparian ri^t of 
is based On the ownership of land ^ 

a stream without considering o stahrtory 
of water; the appropriation ri^ lusewritb- 
law is based upon the time 
out regard to the ownenhip of land a j 
the stream. The appropriation or Colora 
trine Ls in vogue in seven intermount^ sut« 
{Colorado. Idaho, ^htbor- 

Mciico, Utah, and Wyoming • In Ae ^ 
dering states there is a combination ^ 

prialion and riparian nghls which 

the California Doctrine. Arizona J® “J 
Uon; the state belongs 

appropriation block but has rno rwinne 
£ in keeping with the C^donm V<^ 
In Oklahoma and Oregon, although * 
code is on the books, the coiuts 
Ing these ri^ts. The remaining 
with mised degrees to die rights 


comnmn law. Where the modified nparion dom 
Wn. prevails. 11 is held lhat the nparian ri^.l 
iircJrnL ihe right lo make use of Ore water fo 

1 points up nicely the hard cere ol the 

aimropriaUou realm and the tramiBon zone 
ihemSh doctrines ptevaJ. Fut4ermnre. 
pgme portm)! the relationship hahveen the 

of deBcit rainfall and the dooBine of first 
in time. Erst in ri^f ,v.» Ji,,.,,,. 

wana niom!." Urns far Ihe to 

Sion has centered esclusivcfy on n^ts as they 

apply lo water in nalnral stream courses and 
Ues These, of coarse, me the important 
“rces. bnt as the demand lor water eontmues 
10 moonl. the rights to 'rater under other oeenr. 
mnees wdl requite legal interpretations and 
sUte le^lation. 


farmer^ legally Inlereept the dl^ed snrfaw 
water? D^thefarmer.whobasbeen deprived 
of the water, have any recourse? Water wen 

i,d stem legators need to be elertro sod. 

**^'l^hts to groundwater are not dearly de- 
6..ed The eomSm law of groundwater rests on 

Sieoiy that the landowmer has atoliite n^t 

to evetydiing above and below hts land The 
mobile^™ ol surface water e, teengnord 
end therefore the laws grant nsufmetuary rights 
to it. In percolation groundwater, however, the 
CPirt! aS legislative bodies have not eonsnt- 
S^taken oo?uzime= of the fact lha^»“d- 
^ter may also tow from one property to an 

"striet ml." ?!•«' "o Innltatlon on the 
..rtme or ertent of we. A lanJowmet can pomp 

SThis well nnn dry Bd the -draw dmvn 

estends to luliacnt property. » y-..* 

Beation of the strict nJe, referred to as reason 


»ll>iA,p.673. 
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Peittntaga Distribution or total acres imgated. by source el water, by state. 1959 



2 Tlie inportaDcc of groundwater as « facet of imgatiaD is ^^callv depicted on tike ibose 
tharL The regional nature of tbc pattern ii also painted up; groundwater derelopment along the 
High Ptains contrast sharply with the role of surface water In tire MounUirr and other western states. 


couraged siipplemenlal irrigation.® Precipita- 
tion is not alwa}'s dependable as to amount or 
distribution during the critical growing season. 
The detrimental effects of drought and then 
uncertain frequency and duration have 
prompted the farmers to look ou irrigation as 
a form of production insurance. This is patticu- 

* DtS. Cmaua of Agnculfurr; 1959; ^oL V, Fart S. bri^ 
troei in Humid Areas, Covemmeet Fnntmg Office, Washmg- 
fob.DC., 1960. 


Urly true where hi^ income crops are con 
cemed. Commercial farm producers in the 
humid area may attain a hi^er total output by 
addu^ increments of other inputs, such as the 
use of more fertilizer or irrigation. Farm pro- 
grams that limit acreage have also provoked 
fanners to strive for hi^er yields Thus more 
fertilizer and denser planting of crops makes 
irrigation profitable. Truck and garden crops, 
along with pastures for dairy herds, are theagn- 
cuhuial pursuits that receive supplemental im- 
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gation; the Geld crops are tobacco, cotton, com, Mississippi; citrus fruit and truck crops in 

and soy beans. Florida. Groundwater pro%ide$ 62 percent of 

North Carolina has more than 20 percent of the irrigation requirements in the humid East, 

the total farms of the state equipped with iniga* Along the eastern seaboard, w here the de- 

tion facihties. Their use depends on prevailing ntand for fresh truck crops and dairy products 

wither and economic conditions diat govern is bi^, brackish water for supplemental irtiga- 

the price of tobacco. The largest total acreage, lion has been recognized as a source of supply, 

howeser, is in Arkansas, Florida, and Misris- The use of this water requires considerable skill 

sippL Rice is the leading crop in Arkansas and and special stor^e facilities. Shallow seepage 


tmcj'ed acreage et speofatf crops pa£ure «i t!ie SMcrtMn aestrm s£s»s and Luestnt: 2959 

'nnuszmtsot »cm 

0 ijxn i£oo aoco scco sxoo sox 




Conservation of Natural Resources 


tlie water should be standing at every point just 
long enough for the soil to absorb the required 
amount. In practice, however, some parts 
generally receive too much water if all flie sur- 
face receives at least an adequate amount. The 
method is well adapted for close-growing crops 
such as hay, grain, or established pastures. 

Furrow irrigation is the most commoo 
method employed for row crops, truck crops, 
orchards, vineyards, and berry patches (Fig. &/. 
As the water flows down the row, some of it 
moves through the soil to refill the moisture 
storage reservoir beneath the plants. If the slope 
is great and the stream too large, erosion can 
take place. In such cases the furrow should fol- 


low the contour of the land. From a labor stand- 
point the furrow method is usually rather ex- 
pensive since the water in each row roust be 
watched. 

Corrugation irrigation is best adapted for 
close-growmg crops, such as hay or grain, on 
rolling topography. The water is conducted to 
the higher parts of the land swells and then 
directed downward over the surface in small 
hnrows. The system provides rather uniform 
wetting and limits erosion on steep lands. 

Tlie open ditch, or lateraJ, is the most com- 
mon means of conveying irrigation water. For 
surface irrigation the ditches are generally a 
pennanent feature on the farm, and the stnic- 
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hires regulating aiKl 
„e per— tly e.ubBh.;l. We 
property lines, fences, and edges o 
Temi»r«y or secondary ®che. ™ 

sptaUs in lie irrigaled landscape Si^ 

L generally nes.ly pb-ed «rd ^ 
beneath a cover of gnws and wee . 
of a„ irrigation seiison these 
In order to eliminate tlicm a 

” T™„t. are used to deUve, ;».» 0^^ 
the open ditch to the area to be . 
simplest tiimonl is merely a gap w ^ 

baaVi sotnetlmes metal or worf» 
nsed. More recently siphon j’ ^gd,ld, 
adopted wliich transfer the " ater ov^e^ 
bv siohonic action. They come 


*at may cany a gallon per mimite to tsvo cubic 
feet per second (Fig. 7). , 

The use of pipehnes is much less extensive 
than open ditches since the initial outlay for 
their instalUtion is extremely hi{^, but the pipe- 
lines have many advantages. (1) They may Iw 
used to convey the water by gravity or under 
pressure; (2) losses from seepage ^d evapora- 
Son are eliminated; and (3) the method provides 
an onsurpMsed control of the water. The use of 
mpelines is gaining favor in areas where wat« 
B sLree and crops valuable. The concrete-lin^ 
ditch is somewhat a compromise between the 
wakeful open ditch and the expensive P‘P«“'^- 

WKDEBCBOUND OH SUBIWUCATION. In SUbllTl- 

eation. water is apphed beneath the ground 
lather than on it. The water may be introduced 
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into the soil by an open ditch, throng aide 
drains, or tile iains. Some of the requisites for 
adequate subirrigation are (1) relatively level 
land; (2) a layer of permeable soil immediately 
below the surface that will permit the free 
movement of water laterally and verticafl^ (3) 
a relatively impervious layer in the substratum, 
or (4) a permanently high, natural water taUe 
that can be raised by subirrigation There are 
only a few places in the United States where all 
these conditions are found. The most noted 
areas are the Saciamento-San Joaquin delta in 
central Califomla, the Ever^ades of southern 
Florida, and the San Luis Valley in Colorado. 

SPRINKLER IRRIGATION. Two types of spiinlder 
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systems are in vogue, a sprinkler head and per- 
forated pipe. The sprinkler head with nozzle is 
used the more svidely. These systems may be 
permanent, but most of them are partially to 
fully portable. The sprmkler heads are of several 
knids. Some are stah'onary, but the more com- 
monly used type is a revolving head (Fig. 8). 
The larger, or range, nozzle Is set to throw the 
water to the periphery of the circle while the 
spr^der nozzle applies the water closer to the 
sprinkler head (Fig. 9). They are activated by 
the stream itself and rotate about three times 
per minute. They can be controlled to apply 
wafer at rates of 0.2 inch to more than 1 0 inch 
per hour. The stationary, or fixed head, 
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tl,. 9 The “ k""'™ bay in Wver. 


„toUg« o! spnnUer img^uo" <»" 
surface irrigation arc the following. 

1. Erclon c» be ^Boiled •" 

2. Umfom application B posaibl. on all 

3*meiont of water supplied can be coo- 

" Lens the weed problem and escesrive 
^ ^ SmaU streams and ponds can be used. 


7. The amount and lime of svater application 
can be controlled. 

The Umitabons are the following. 

1 Wind can easily disturb the pattern of 
wetting— some getting too much and other 
naits loo little. , 

2. The water should be free of sand and 

***^The initial costs are estremely Wgh- 

4. Power rwiuirements to maintain pressure 
are high.** 

•.T.k IL '"d O'® 

nw” laa. U-S- Cov*nim«il 

PrindoR Offic*, M^jhirgtdn, D.C, 19^ P- *®7. 
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/ flCATlON AND THE 
TAL WATER SUPPLY 

The prospects for irrigation become rneaD- 
ingful when viewed in the larger framework of 
the total water inventory. Thus general concepts 
will be presented (1) within the broad outline of 
water resources and then (2) attention wiH be 
directed to the immediate and pectdiar prob' 
lems of water for irrigation. 

In the quest for increasing the availability of 
fresh water there are some new or not yet widely 
applied methods that are signiGcant for all water 
users One group of techniques is intended to 
add to our present supply of water by reaching 
new sources or obtaining more from the present 
sources; the second is designed to permit more 
efficient use of the present supply. Both ap- 
proaches are presented in the subsequent topics. 


Ikble 2. The EarlK’t tl)’drotphere 
(Estimated Quantities of tViter AvaitiUe) 



Afdfiuru 

Aere-Ptft 

IVmRl 
of Fresh 

1 Oceans 

l,O«).0CI0.IX» 

_ 

2. Frcih water 

33.016.Qa4 

100 

o. PoUrlce.glidcn 

24*68.000 

74 72 

b. Hydrated eirth minerals 

336 

onoi 

c. Lakes 

101.000 

031 

if. Rivers 

933 

0<U3 

e Sod moisUire 

20,400 

001 

/. Ciound water 

(1) Fisnirei to 2500 ieet 

3.688.000 

11(6 

(2) Fwsure* 2500 to U500 

feet 

4*65,000 

1383 

g. PUnU and animals 

915 

0003 

h Atmosphere 

11*00 

0035 

5 llydiolo)^ cycle (annual) 

a Trecipttilion on Lind 
h Stream ruooS 

59 n» 

15.460 



i\dapt«l troui Teehnolocy In Amtrican W'aliT tVrrtiTwwBl; 
luiwsrd A. Aclirniun tnd George O C Uf. The Johns 
IlorvUttf Unrvenily Preis, Boltunore, 1939 1 


Nete Sources of Rofer.'* Considerable fresh 
water is available in the earth’s hydrosphere; the 
total quantity has been estimated to be 33 tril- 
lion acre-feet (Table 2). Three-fourths of this 
amount is ice and slightly less than one-fourth 
is groundwater. These two sources constitute 
99.6 percent of the total fresh water supply. 
Some of the remaining allocabons are as foUoivs' 
less than four hundreths of I percent is in the 
atmosphere; about one hundreth of 1 percent of 
the total supply is found in soil moisture and 
nvers, a minute amount is denved from lakes; 
and to complete the inventory a small amount is 
found in hydrated rocks, plants, and animals. 

If new sources of water are to be made avail- 
able, they must be found some place in the water 
inventory as identified in Table 2. On the dubi* 
ous side of the budget would be the very limited 
fresh water present in plants, animals, and 
hydrated minerals. The utihzation of glaciers 
and ice fields, although they represent 74.7 per- 
cent of (he fresh water avarlable, is not too prac- 
tical. Some consideration has been given to tow- 
ing and directing icebergs from Antarctica via 
ocean cunents to the coastal cities of southern 
California. Even if this project were realized, It 
would do very little to aUevlate the need for Irri- 
gation water; the costs would be high and agn- 
cultural needs are generally far removed from 
the seacoast. 

Soil moisture is certainly singular in the water 
inventory. It is defined as the water found in the 
shallow soil layer that is available for plant 
growth. A negligible amount is picked up in 
shallow wells but the prospects for increasing 
this Supply is almost nil. The obvious but impor- 
tant fact regarding soil moisture is that all plants 
are alnolutety dependent on it. Irrigation is an 
expression of an effort to satisfy more nearly 
the optimum conditions. Few crops, even in the 
humid East, are grown under idea] moisture 
tsKAtcKftc,. tA ■&«; 'unttang TatMns is 

'* Edwmrd A. Ackmnm uid Ourge O. C. L6f. Trrhnol 
vgf <n Amniron Wairr Dmlnpmenl, Tlie John! Hopkli*' 
Fnu, Ballimorc, 10S9. 
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of understanding os to >vhat constitutes the opti- 

mutn and how to measure it. 

Rivers axe also unique in the inventory; ih^ 
axe not only tlie most tvidely used source lor 
fresh water but also serve as the distributive 
mechanism. The available water at any one time 
in the system is limited (0 003 percent of the 
total], but on an average of every 11 days the 
rivers of the world are completely refilled &- 
pansion of their use will depend on more diver* 
sions and increased precipitation, htore diver- 
sions of rivers from surplus to deficit areas will 
undoubtedly be one of the major meam of meet- 
ing water needs in the next 50 years. {See the 
NAWAPA story on pages 12S-131.) 

If precipitation could be increased by speed- 
ing up the hydrolo^c cycle, water available In 
the streams would be increased This acceleni- 
Uoo of the hydrologic cycle would commence 
tvith U>e water vapor in the atmosphere. Here 
again the amount at any one time is almost 
negligible [0.035 percent of the total), but the 
turnover is tremendous. The challenge, then, is 
to accelerate the natural mobility of the cycle. 

The total amount of groundwater in the 
earth’s hydrosphere is surprisingly Urge; the 
estimates place it as the number two source vvith 
24.9 percent of all fresh water available. This is 
one of the most promising sources (or an added 
supply. 

From this inventory and brief appraisal it is 
evident that there are at least three new water 
sources worthy of consideration; (1) from the 
sea by means of salt water conversion: (2) from 
the atmosphere by acceleration of the hydro- 
logic cycle: and (3) from the pound by im- 
proved techniques of locating groundwater and 
bnnging It to the surface, llwever, the impli- 
cations of salt wafer conversion and cloud seed- 
ing arc limited as far as irrigation is concerned 
Tkwss tlwy w31 mit^ndied in the discusslon. 
Groundwater holds a greater potential for Irri- 
gation; this source along with river basin diver- 
sion will he explored in more detail in siAse- 
quent topics. 

inoM THE SE*. Conversioo of sea wafer fe 
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by no means new. ^Vhat is significant is the In- 
crease in production and decline in cost over 
the last 15 years. This has been made possible 
through an ever-improving program of technol- 
ogy. There are several processes involved: the 
multiple-ellect evaporator, compression distil- 
btion system, electrodiidysis. freezing, and (he 
simple solar evaporator. The costs of production 
today range from J1.50 to $3.00 per thousand 
gallons, whjch is equivalent to $500 to $1(X)0 
per arre-foot. Few crops have sufficient value to 
warrant the use of such high-priced water. The 
engineers worldng in the field of salt water con- 
verrion believe that with the use of nuclear 
energy and improved teclmology the cost wdl 
ultimately be reduced to $.50 per thousand gal- 
lons. This is still too costly for most irrigation 
needs. Even if the water were made available 
with 00 cost at seaside, the price of lifting and 
conveying it to the farmt would still m^e it 
finandally prohibitive in most cases. 

moM THE ATXDSPHCRE. Two mcthods are 
involved in the artificial induction of predptta- 
Uon. One is to cool a portion of the doud to a 
temperature below -39*F with dry ice, At this 
temperature the droplets present will start to 
freeze as ice crystab. Crystallization will be 
propagated and more moisture from the air will 
be collected until the droplets are large enou^ 
to fall. The second method is known as cloud 
seeding. In this process fine particles such as 
silver Iodide ore introduced into a cloud; water 
vapor and cloud droplets will condense on the 
nuclei and form i« crystals. These crystals will 
grow and precipitation may ermie (f conditions 
are suitable. 

tVhen this knowledge was made avaibble, 
coniinexcijl cloud seeders moved in immedi- 
alely to make rain In drought areas. For some 
time a controversy existed between the Weather 
Bureau and private operators as to the appropri- 
ateness and elfecUveness of the cloud seeding 
projects. Because of its newness and apparent 
potential, an Advisory Committee on M'ealher 
Control was appointed in 1953 to appraise what 
bad been done, what the future might hold, and 
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the role of the federal government io such a 
program. In 1957 the Committee made the fd- 
lowing comments: (I) Seeded storms in the 
mountainous areas of western United States 
djd increase the total rainfall 10 to 13 percent 
but (2) in nonmountainous areas no increase 
could be clearly defined. 

FROM THE GROUND. Groundwater as a source 
of additional water for irri^tion is most 
ising (Fig. 10). Hie technological advancements 
in this field are adaptions of methods used in the 
petroleum industiy. For example, the use of 
seismographs in locabng svater-bearing forma- 
tions, electrical resistances to appraise the water 
content of the near surface layer of soil, aerial 
photographs to identify groundwater feature at 
or near the surface are but a few of the «'ell-es- 
tahlished surface techniques. Wlien the drilling 
commences, other methods are applied to in- 
vestigate the aquifers beneath. A new subsur- 
face Innovation is the use of natural radiation. A 
source of neutrons can be lowered into the well 



nr- 10 Ttie et»rJocre«riBg {oiporfaace of groundwiter 
reUUw to «ur{*CB watrr the basis for iirigatioo ft dearir 
K pre sen ted cm thii chart. Check FI*. 2 end oole the deret* 
epmeptofgro on Jwetef in the Ftahu State*. 


and the radiation from the neutrons will respond 
differently to the various elements present. The 
hydrogen and oxygen in water can be easily 
identified in the aquifer and recorded by sur- 
face instruments. 

One of the limitations in groundwater devel- 
opment has been the lack of undentanding of 
gmundw^er movements. Radioactive tracers 
can now be used to assist in Ending some of the 
answers. Tritium is such an isotope with a half- 
hfe of about 124years.lt forms naturally in the 
uj^r atmosphere under conditions '*here the 
cosmic rays coUide with other elements; there 
the tritium unites with oxygen and falls as 
“heavy, heavy” water in the raindrop. Eventu- 
ally the tritium will decay. If, for example, a 
sample of gnaund^vater contaius half the tritfimi 
found io rainwater, the sample has been in the 
ground 12 years. The deeper wells will show 
no trace since the water may have been in the 
ground a century or more. The applications of 
this knowledge will contnbute to a better un- 
derstanding of the sources of specific ground- 
water resen oirs. Tribum can be added in ac- 
ceptable quantities to the groundwater and thus 
serve as a tracer in unraveling the enigma of 
groundwater movements. 

The mechanics of dnlhng and pumping have 
also improved production. There is an immense 
amount of groundwater availahle, but larger and 
deeper wells are necessary; most of the nation’s 
wells arc relatively shallow and small. Ninety-six 
percent of them are producing about 400 gallons 
a day and at the going rale of five cents per 1000 
gallons this is worth about tw o cents. Larger in- 
vestments could be justified if more water 
were pumped to serve more needs. The “nexv” 
water will be secured from depths of 500 to 2000 
feet (Fig. 11). 

Before groundwater in a basin can be "know- 
to^y" used, it may be necessary to reduce the 
stora^ to levels where recharge and withdrawal 
can be checked against the oscillating water 
table. Opposition generally arises. howe%er, 
when Slate Water Engmeers attempt to prepare 
the basm for better use of groundwater by 




Irrigation in ibr United Stales 


iSI 



Ilf. U CroundwtUr d»vflo(<n)nit far irrigation has pt«gr«urd it|»d)y In thr Plains SlatH, 
In Iba many basins of Interior drainage compridng the Crest Basin, the groundwater toniue* baa 
hardly been touched. The scene in the tnclground «f a fault hfeek mounlaia and an alluvial Bllrd 
desert basin is typical. The large neO In the fotegraund is fast becmobig more rommnnio (he land- 
scape. (Soil Conservation Sersve.) 


lowering the water table or clian^g the arte- 
sian flow to a puinp well. Such a move is counter 
to traditional convictions abotit underground 
water. It is not uncommon for citizens to point 
to the deep weQs as a serious threat to Use 
groundwater resource. Obvioiuly, under some 
circumstances such as salt water invaston, fiU' 
ther dnlling should Ijc controlled. But the lower- 
ing of a groundwater table should not always be 
misconstmed to mean exploitation of a natural 
resource. 

Once the water table is suflieienlly lowered 
so as to serve as an Index, then the administra- 
tfon can proceed on a sustained yield basis or an 
alternate program of "mining” the resource. If 
the wfaer program of sustained yield is ac- 


cepted. lien the groundwater would be man- 
aged as the forests and rangelands, if mining is 
adopted, then the groundwater is in the same 
category as other minerals, such ax coal, natural 
gas. and iron. The practice o( mining water may 
not be imdesirable in some instances. It is im- 
portant, however, to wei^ in the factor of 
water depletion in any planning for the ftiture 
development of the re^n dependent on the 
water. In certain sections of the High Plains of 
Texas imd OUahoma the "mining” practice pro- 
ceeded without considenng the economic con- 
sequences. 

Tlte major concern relative to the sustained 
jsefd idea is the slow rate of recharge in most 
basins to contrast with tlic withdrawal. Ground- 
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wafer recharge can be enhanced by man 
through waterspreading devices and removal of 
nonbenefictal vegetatiorj. Me normally thlnh of 
the porous aquifers as useful only as it contains 
and jields fresh wafer. The idea that the ^ce 
Ijetween pores may be a resource in which to 
store water by arliGcial recharge is rather new. 
The U.S. Crological Survey reports that the 
aquifers in the San Joaquin Valley of California 
could provide storage for M mdlion acrc-feet 
during surplus years. The same practice would 
certainly be applicable to certain areas in the 
Southwest. 

E^cient bW of /Ve»enr Supply. The second 
set of techniques that are important in the quest 
for increasing the as'oilabiLty of fmh water b 
designed to permit more effective use of the 
present supply. Thb approach has two facets: 
(1) Impros'ed management of the supplyalready 
at hand and (2) more effective rher basin diver* 
slon from surplus to deSdt areas. 

EmOEAT VSE A.VO IMPFOVEO MA-SACCMENT. 
From the vantage point of the present it appears 



Fig. IS InigtOou aad total water use (ISH-MWf. .Note 
that in the imt decade the pnijected aHocaboo of water foe 
imgatioa ii iDleoded to decrease. (Sourcei Select Committee 
on N'atiMWl SValer Resources, D.S. Seoate, 1959-60, Cony 
tnitiee Print No. 32.) 


that the tise of water for Irrigation is and will 1»- 
(inder close scrutiny for some time to come. As 
the competition intemiBcs it mtD be incumbent 
on agncijttire to justify its share. The actual 
returns on water, in terms of production, range 
from S3000 to $4000 per acre-foot for industrial 
use. $250 for retrcalion, and $51 per acre-fool 
for agriculture.** Tliese facts seem to suggest 
that crops had lietter give w-ay to fun and indus- 
try. It is not uncommon to End the same message 
coming through reputable editorials and articles 
pointing out lliat “the hard basic facts of liydrcJ- 
ogy are lieginning to force western communities 
to choose between agriculture with attendant 
slowdown of economic growth and continued 
pTjwth at the espense of famung." The prob- 
lem. of course, b not that simple. When con* 
trasted with other «:ater investmenls agricul- 
tural use loob poor, but the pending ne^ for 
food are of such a magnitude that the products 
of industry wiB has-e little attraction for cus- 
tomers with empty stomachs. 

It should be noted, however, that as the 
specialists look ahead, the allocations of water 
are being drafted by fur) and industry (Hg. 12)- 
The told demand for water over the next 3S 
years is going to increase almost geometricallyj 
from 300 bgd in 1954 to about 900 bgd in the 
year 2000. On the other hand, irrigation will do 
well to hold its own. These figures are based on 
a medium population projection. 

Table 3 indicates the same trend but permits 
a detailed look at the projected changes for 
irrigatioii across the nation and in time. There 
b a noteworthy increase in water allocations for 
irrigatton la the eastern regions. Much of thb 
wfll be for supplemental irrigation. More im- 
portantly, however, it b the projected increase 
in im^ted acreage from 30 million in 1954 to 
56 tnilhon in the year 2000. And yet the antici- 
pated increase in water allotment for the same 
period is from 115 to 137 million acre-feet. 
Furthetrnore, the only significant change is in 

WNfttluuuel WoOmaii, VaJai€ of Water m tws. 

of New Menco Pres, Albuquerque, 1960 
Setenee S/emster, Febroajy £6, 1964 
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Table 3. Irrigaletl Arreage and Vairr RequtrcmenU 


ymr 


/frilled Acreage 
(iOOO s ACTW) 


Wafer RcqulrcwcnM 
[lOOQ's of Acre-Feet) 

East 

W'est 

United Slates 

East 

West 

United States 

1£64 

2.002 

27,550 

29,SS2 

4.736 

109.961 

114.697 

IdSO 

3,707 

32.093 

36,700 

7.428 

106,224 

113.653 

2000 

15.068 

40, «5 

SS.SI3 

26,589 

IW,652 

137^41 


ISoiim- Repuri of (hr Srtert Qnnmlllre on A'aifonal U'olrr Rrncin**, S7(h Congreu. Isl Sewlon. Report Ko. 29, Warhlngtsn, 
DC. law] 


the t«iter requirement! of ilie east; the require- 
jnents in the west changed from 110 nullion 
acre-fed in 19S4 to only 111 million acre-feet 
in the year 2000. It is hoped that increased 
effidency in the use of water will provide enough 
to make up the difference, 

The crftica] issue >vith irrigation is the enor- 
mous an»UQt that is consumed. About 46 per- 
cent of all water withdrawn i$ used for irrigatiim. 
but 85 percent of all water consumed is by Irri- 
gation and, in addition, a stable amount is lost 
long before it reaches the farmer's field. A cer- 
tain amount of loss is to be expected, becauseit 
is inherent in the irrigation operation, but the 
amounts are mucii too high. Thus the objectives 
of this phase of tlie chapter are to appraise the 
losses and to present the techniques that have 
had some degree of success in reducing the 
waste. It « only within this frame of reference 
that agriculture can justify its sdlotment; in 
short, the guiding theme is simply an application 
of sound principles of conservation to pernut 
more effective and efficient use of the vital 
natural resource — tcater. 

1. Evaporation is one of the greatest offend- 
ers in the wafer loss picture. The losses from the 
surfaces of 1250 large reservoin in the seventeen 
western states are computed to be 6 million 
acre-feet. But there are literally lens of thou- 
sands of small lakes and ponds scattered over 
the country^ no one knows how many or the 
exact losses, but it has been estimated that 24 
million acre-feet of water in the west are lost hy 
evaporation from w-ater surfaces. This Is enou^ 


to provide die aiinual domestic needs of 50 mil- 
lion people.’® 

The seriousness of the situation has attracted 
consider^le research. The use of a monomolec- 
ular film that wiH spread over the water surface 
is the most widely recognized approach to the 
problem. Hexaderano! is a compound that wdl 
serve the purpose. The problems are associated 
with applying and miintaimng the tnonomolec- 
ular sutKtance over a large reservoir. Dissemina- 
tion of the substance from a plane has had some 
success, but maintaiiung it on the surface is 
another rituabon. The film tends to drift with 
the wind. wnnUe, and sink. On smaller reser- 
voirs agitahng boxe.s along the edges of the body 
of water have been successful. 

In addition to the excessive evaporation f r om 
reservoirs and lakes there is an estimated loss by 
evapontbon at the sod surface of about 50 per- 
cent of (vater applied in irrigation. To reduce 
this loss is not difficult; there are chemicals that 
would serve as a water repellant, and field tests 
show that they are not injurious to the plant or 
the consumer of the plant. The technique has 
not been widely ap^ed because of the in- 
creased erosion potential, cost, and the develop- 
ment of unsightly areas. 

2. Seepage like evaporation is subtle and de- 

UBuiMu of RccUmation. "ImggUoa. ReefamiUoo, and 
tMer \Wrr Hrsourm Drrehpment,” PnpMrtd far Can- 
milleo on RubUc Works. 87th Congress. 2nd Session. Coa>- 
iniUce Rnnt No. S, Government Printing Office, U'adiington, 
DC, 1961. 

i*Neiioii*l W'etrr Resources Sjmpouunt. Senste Docu- 
nent. No. 35, STtli Congress, tsi Session, p. 173. 





manding. Of Uie 123 minioi) acrc-fwl viwl for 
irrigaHon alout 32 million arc IotI In conx'cy- 
nncc.*^ A series of controlled studies reseal that 
in porous soil the low may l>e as high as 10 per- 
cent per mile. At that rate it svotild not talc 
many miles to lose it all. This is an extreme case, 
of course, Inil stine)-s indicate that -ll percent 
of the irrigated wafer is lost hy depletion liefore 
reaching the farm. Some of the water that enters 
the ground may return and can l« used at a 
lower eles'aliun. But it may also damage in the 
process the low er l)ing land hy bringing up Uic 
alkali (fjg. 13). 

I’K. .S. M*cKktxn, *Etlim«lrd IV af SSitff {n ihe 
Vnitrd Stiln," L'.&. Oolopnl Sunrt, Cirrubf 39S. tSro. 
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Ditch lining is the major technique cmplos cd 
to reduce seepage. Concrete lining Is effective 
but eipcnsivc. The seepage loss can be reduced 
b)' compacting the stil^rade of the canal. But)I 
sliecting and pta.stic film have also been siiccess- 
fnl (Ftg. M|. Of the 22.000 miles of canal under 
the management of the Bureau of ncclamation 
only 3000 miles have Iwn lined. The work h 
spoUy.liowcscr, for in Ulalialwut 35 percent of 
the total ditdi lining has liecn installed since 
l&IO and in another 15 s ears the Soil Giascrv-a- 
tlon Service liopes to complete the remainder.** 

**J. A. laUnr, '^Siicr Cmmntian bs I'tah’t Im'jsitiiia 
AiTinitnn.'' Repots. Soil CantmatiaQ Srr- 

vk«.<^l lAiraiv.l'Uh. 1961. 





Pi{t- 14 Plittic film in cini] (9 ftop tois. Tlib •kccting wU) be covered with esrth 

lo protect it from <bnu{;« by attle end tSoil Coruenelton Senke.) 

It Is the evidence of sudi Improvements that Is calioo. The use of 2.4-D is effechve for emerged 
encoura^ng and suggests tlut the farmer can weeds such as cattails and tules. Tlie Bureau of 

expand acreage and production without too Reclamation survey shows that the chemical 

much additional water. method of eradication is $25 to $43 per mile as 

3. The phraetophyte is a nonbeneBcial plant compared with $400 per mile hy drag line. If, 

that requires an immense amount of water for however, the water b to be used for irrigating 

grou-th. The specialists say that there are 16 cotton, grapes, or tomatoes, a 2,4-D method is 
million acres of {Araetophytcs in the naliooand not acceptable since these plants are sensitive 
they are spreadiig rapidly. The salt cedar and to the rfiemical.’* 

cottonwood are the two common offenders ■!. The irrigator may not be able to do much 
(Fig 15). These trees require 50 to 100 percent about evaporation from the surface of a large 

more water than an agricultural crop on the reservoirmanymilesfromhisfarmorthecotton- 
same area- The estimates of loss by these non- woods diat transpire the water enroute. But poor 

beneficial plants is 25 million acre-feet peryear. practices on h« farm plot cannot be brushed 

The older method of destroying the phraclo- aside. Through the decades the farmer has 

phyte or aquatic weed mechanically fa being brought forward some deeply rooted "mores" 
replaced by the use of chemicals. They have about water and its proper use. Perhaps the most 

bwn found to be more effective, convenient to 

use. and are often less time consuming in appb- ‘»Bure»uof Rediun»iion.cp.riL,p.35. 




Fig. 15 n* tig* of a oottoswood bc« is on tbe left, sail «tdan tn along betb kanksi gnue- 
•woei fs 00 ika temoes away froai tb« lirtt ckanaot. \Vbeo evapontioD, soepaga, a^ Ike 
pEknetoph)1ef bave tain thtir loti of waCar, (here is Uttfe IrfI for the Sen'er River. (So0 Cdnae^ 
(aCiaa Service.) 


universal misconception is the conviction that 
“if a little water is good, more will be better.” By 
that standard there is considerable waste. 

An irrigation system should be designed to 
provide correct distnbution, control, and meas- 
urement of the irrigation water. And yet jo per- 
cent or more of the water utilized the fanner 
is unmeasured. He will measure seeds and ferti- 
lizer by pounds per acre and yet fail to convert 
flow rate to volume applied. The Soil Conserva- 
tion Service has done much in pointing up the 
ineffidendes of irrigation and the means of im- 
proving the situation. This agency worJis at a 
“grass-roots" level; their philosophy is that eaci 
community and farm has its own peculiar water 
supply and demand problems. With this motif 
they proceed with patience to acquaint the 
farmer with his faulty irrigation practices, to 


point up the advantages of improved methods; 
and then, if the fanner so desires, they will assist 
him in a program. 

According to Sod Conservation Service en^- 
neers, the effidency of water use throu^oul the 
imgated west is low; in Arizona it ranges from 
10 lo 50 percent, and in Utah a (»reful survey 
indicated that the average effidency was 18 per- 
cent in I&IO, 28 percent is 1960, and the agency 
looks for a 45 percent effidency in 1980. It will 
vary from state to state and farm to farm, but 
tie noteworthy issue is that efficiency can be 
improved 

Labor costs on the farm are relatively hi^; 
sometimes they may outwei^ the cost of 
water. Valuable crop, scarce water, and high 
labor costs mean more effident use and this will 
accelerate automation. Clock-operated takeout 
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gates are now in operation in the Boise VaM^ 
in Idaho. Machines are being developed that 
move along the lateral automatically and tntro- 
ducc water enioute. These are certainly »Mrt 
widespread practices, but will undoubte^y be 
adopted on more farms in the future.*® 

5. Several of the more experimental tedr- 
Cliques have been investigated. Some of tiiese 
may prove useful and others useless, but oidy 
time will teU. Evaporation from reservoirs and 
canals is enormous, but evaporation and trans* 
piration from the water shed itself may be even 
greater. Again it has been estimated that in the 
arid Southwest only 5 percent of the precipita- 
tion that falls in the water shed gets Into the 
stream channel. Hexadecanol has been used on 
the snowpack to reduce e^poratiotL Such a 
process delays the melting and increases the final 
runoff volume. The opposite approach is to use 
carbon black on the snowpack to accelerate 
melting and get the water into the storage reser- 
voir as quicUy as possible. This process could 
create a flood hazvd. Soils of the watenhed 
have been treated with an asphaltic emulsion 
that resists weathering. If the soil is anionic in 
reaction, a catioidc emulsbn is preferred be- 
cause it creates a ti^t bond. The process gels 
the water off, but the slopes are left unsightly- 

The reduction of transpiration from the crop 
itself has been investigated. Hybrid com pown 
in soil enriched by various amounts of fatty alco- 
hols has required up to 40 percent less water. 
There svas no reduction in yield and no known 
deleterious effects on the consumer. 

One of the new innovations is the use of salt 
water for plants. Some interesting work in this 
field has been sponsored by the Israel Ministry 
of AgriaJture; they report ISO species of plants 
growing on salt water with a concentration of 
3.5 percent salt.®' 

6. There is one universal recommendation 
made by the ntunerous cocnnu’ttecs and sym- 
posia that are concerned with uater, ami that is 
— researcfi. Agricultural researrfi involving irri- 

w Ibii, p. ts. 

" Marrr .Ynnirnfr, Stay 4. tSW. 
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gation problems, however, has not maintidned a 
pace comparable with industry. Private enter- 
prise can finance their own programs, whereas 
agricultural research depends in large measure 
on piecemeal afiotments made annually at local, 
state, and federal levels. A closer lie between the 
research scientist, whose assignment is to reduce 
Irrigation losses, and the private research eslab- 
Ushment should be encouraged. The limiting 
factor in the application of many techniques is 
cost of materi^ and herein the manufacturer 
could contribute much. 

BivER BASLN mvQisiON. The divenion of 
water from one drainage basm to another is a 
practice that is about as old as irrigation itself. 
It is only the magnitude of the operation that 
has dianged. \Vben the settlers of the West 
directed the water from one canyon to a 
tract of bnd that may have been in the dntin- 
age of an adjacent stream, they were engaged 
in a form of stream diversioo on a small 
scale. When the water of the Sacramento River 
drainage is transferred southward to the San 
Joaquin drainage in the Central Valley of Call- 
fornia, stream diversion on a large scale is under 
way. Or when some of the water of the Upper 
Colorado River drainage is transferred west- 
wrard across the Wasatch Mountains in Utah to 
the Great Basin, the diversion involves seven 
western states 

For many decades this type of diversion has 
been practiced wiUi a degree of success. And yet 
the growing demands for waiter in the arid IVest 
cliailenge the resource engineers’ capacity to 
draft plans of sufficient dimensions (o meet 
future needs. The transfer of water from the 
Sacramento end of the Central Wiley of Califor- 
nia to the San Joaquin drainage provokes con- 
cern on the part of the citizens to the north. 
Ihey, loo, will need the water soon— sn they 
contend. Tlie transfer of the U{^>er Colorado 
drainage to the Bonneville Basin stirs the citi- 
zens with erpectations and apprehension 
Umw^out the entire drainage area. Thisopera- 
tioa involv'es a transfer from a deficit to a deficit 
area regardless of where the water flows. Or, as 



128 


Con^mition of Natunl Rrtoiircei 


Ihc old adage goes, it is a process of “roWang 
Peter to pay Paul.” 

nawapa.* 2 Tlic Ralpli M. Parsons Company, 
a private engineering and conslmclion enter- 
prise with headquarters in Los Angeles, has 
prepared a plan for developing the svater and 
power potential for the entire North Airwrican 
continent. The project is referred to by the com- 
pany os NAWAPA— the Nortli American Water 
and Power Alliance. The plan envisions river 
basin diversion on a scale ltc)ond Uie capacity 
and courage of most resource engineers to con- 
sider. If activated only partly, the problems of 
irrigation tomorrow will be markixily different 
from those anticipated today. Thus a short re- 
view of NAWAP.\ has been selected as an appro- 
priate condusion for (J) the immediate dis^u- 
sion of river basin dis-ersion and (2) the general 
discussion of "Irrigation in the United States"— 
a chapter heading that may someday read "Irri- 
gation in North America." 

Tire basic Idea liehind NAtVAPA Is to capture 
the surplus waters of the Fraser, Yukon. Peace, 
and Athabaska nver systems in northwestern 
North America and to direct, ria an elaborate 
system of canals, reservoirs, and tunnels, the 
surplus water to defidt areas in Canada, the 
United States, and northern Mexico (Fig. 16). 
The project is divided into four units (Fig. 17): 
collect, transfer, distnbute surplus water, and 
waterway improvement. 

1. The collecting phase starts in eastern 
Alaska and extends southu'ard through the 
Yukon Territory and British Columbia to the 
international border. The 500-miIe Bocky 
Mountain Trench, which runs through northern 
British Columbia to Montana, is the k^ feature. 
This great north-south oriented natural trench 
will serve as the collecting and stabilizing 
reservoir. 

2. The transfer region is immediately south 
of the collecting area and encompasses Wadi- 

lUIpti }i. Farsdiu Company, KAWAfA, Korth 
American Water at\d Pomer AOuince, Summjuy lUport, 
June, 1964. 


(nglon. Oregon, most of Idaho, and western 
Montana. The water will lie lifted from the 
great Bocky Mountain Trcncli at 3000 feet 
anntlier 2500 feet and then by a series of natu- 
ral channels and man-made canals, siphons and 
limnrls, Ihe water will cross the Sawlootli and 
Salmon Biver uplift of central Idalio. Tlie power 
necessary to lift the water will be either gener- 
ated fn the N.<\V'APA collecting area or It will be 
secured from surplus power that can be gener- 
ated in the already existing Pacific Northwest 
power units if additional NAWAPA water is 
added at critical periods. 

3. From central Idaiio Uie wafer will lie dis- 
Mlnitcd south into soutliem Idaho, Nevada, and 
Utali (Fig. 16). In eastern Utah the canal 
branches, the western portion flou's southwaid 
Into the Mojave Country and then to southern 
Califtmib: the eastern branch crosses the 
Colorado Pbteaii and feeds the much needed 
water to the rich Gila and Salt Riser Valley of 
southern Arizona and a second canal extends 
to the Pecos and Rio Grande basins of New 
Mexico and Texas. The slates of northern Mex- 
ico Will receive fresh water at several points 
along the border. 

4. The fourth phase of the project provides 
lor s bull freight waterway from I'ancouiw on 
the Pacific eastward across the Rocky Moun- 
tains and Great Plains to the Great L^es and 
thus to the Atlantic. Enroute eastward some of 
Ihe wafer will be utilized on the High Plains of 
Canada and the Dakotas. The remainder will 
move through the Great Lakes system, stabilize 
the water level, reheve the mounting pollution 
problem around the large industrial and mumc- 
ipal areas, and increase the power potential at 
Niagara Falls. 

The over-all costs, as estimated by the 
Ralph M. Parsons Company, would be about 
$100 billion These costs will be defrayed by the 
sale of water and power. Enough waterhead is 
involved to generate about 100 million kilowatts 
of power, 70 million for sale and 30 milhon for 
pumping. The returns on power alone are com- 
puted to be $4 billion a year. The downstream 
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Flu. ^ NAWAPA FUn. 'Die con««Un^ tmufmlni;, and itistoibutiiig irginru ihcnJd 

be cheeVed leiiiut the detjfled map thaws in Fig. It 


benefits have not been included in the initial 
revenue estimates, but the returns from fiood 
control, navigation improvement, recreation 
fees, and new industries would be sizable. 

The time required to complete the program 
as outlined has been estimated to be SO years; 
however, some increments could be completed 
within 9 years after authorization. 

This in brief is the proposal; now the hnidica- 
tion of such a development in specific terms of 
irrigation. It is eildent from current debbera- 
tions about the future use of water that irriga- 
tion is going to be receiving on a percentage 
basis, less and less of the water supply available. 
NAWAPA introduces an old but greatly ex- 
panded variable in the equation of water plan- 
ning, and the role of imgation is mo^ed 


accordingly. The Ralph M. Panons Company 
has made some arbitrary allocations of water for 
study purposes. These allocations must be 
viewed strictly as a part of a working model, yet 
they reflect an interested and educated opinion 
as to what a reasonable allocation could be. Ac- 
cording to the somewhat arbitrary figures, the 
total assignment for irrigation would be m the 
magnitude of 142 million acre-feet for the entire 
continent; 25 million to Canada, 97 milhon to 
the United States, and 20 million to Mexico. 
This would bring to Mexico ei^t times as much 
water as the new Aswan Dam will provide for 
Egypt when completed The 97 million acre- 
feet for the United States is about equal to the 
amount used today for irrigation. The 142 mil- 
lion acre-feet of water would bring about 60 
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million acres of Unil under IrtfgaliDn VkiUi 41 
ndlion acres of the total In tlie American w’est 
Tliere are atmnlly alwtit 39 mfllton acres 
trader irrigation. 

A project of such dimendoiw utU pros-oVe 
problems, but tliey wUl In? largely prolilerra of 
human relations. The technical skill is at hand; 
It requites no breaVilirotighs but the application 
of time-tested engineering achles-ementi repre- 
sented in present-day enn^s, tunnels, siphems. 
locks, dams, and hydroturhlne generators. 

Some of the human problems of a soda), 
economic, and political nature are as Wlins-s- 
Since the project involves moving a vital re- 
source aerms the borden of sovereign nations, 
it svlH require international arrangements at the 
lop administrative levels. Out such agreements 
are certainly not n-il}>out precedent In the field 
of energy resources (he eoUalmratlon lietsseen 
Canada and the United States has demonstrated 
the mutuality of l>enefils from such an effort. 
Tlie Columbia River Treaty esjwrts power to 
Canada; the I Umilton f liver Project of Labrador 
wfll export power to New Vork; ^ and gas flows 
la either diction across the Dominion at sev- 
erd points. 

Perhaps the more complex tasks will be on 
the Inter- and intrastate levels. To resolve the 
traditional water lights complex between and 
within states will be no ordinary legal task. The 
plan does not envision replacingany established 
or partiaily completed project. Contrariwise. 
It Is designed to enhance the efficiency of the 
major water and power c^rations by providing 
adtitional water at critical stages. Tills move 
may disturb llie status quo and legal adjust- 
ments min! be inaJe. There will also lie need for 
a rwolufion of die intercsti of private utilities 
and government administration. 

In addition, there wll be minor problems as- 
sociated with the disiilacement of some 60,000 
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peopfe, largely in Canada. In view of the magni- 
tude of the project, however, this number is 
relatively small. Right of waj-s will be required 
from {irivale hotduigs, but the major traverses 
are oxer public lands administered by the 
Bureau of Land Management, Forest Senlce, 
and Park Service. 

The development of the project over the next 
few jean mil bear watching. It is new, startling, 
and ch;dlcnguig in scope. The public is not too 
well acquainted willi the idea even though press 
rdeases hate licen puUbhed Key political 
leaders on tiie national and stale levels have 
lieen briefed and technicians have had an op- 
porluDiiy to review reports made available by 
the Ralph M. Parsons Company. Tlie reactfoai 
have ranged across the entire gamut from ao 
crpiaiK-e to rejecUon, but die coneensus of 
opinion is highly favorable. Wien contrasted 
with other national bitlion-dollar efforts such as 
NASA, Interstate Highways Project, or the con- 
tempbted California and Southwest Mkter 
plof^ NA'VAPA becomes more reasonable and 
perhaps as urgent as any. 

N.^WATA is initialed by private enterprise, 
prompted by a profit motive, and so constituted 
toutiUze tlie full spectrum of modern engineer- 
ing lerfinJquf*. )l reflects the far-sightedness 
and vigor so typical of technological advance- 
ment. If the past bean any record to indicate 
future events, the prediction will be the normal 
but knotty problems aisoculed mtli human 
relations as expressed in prevailing social, 
political, and economic patterns. There are 
some ‘Tfs" associated vrilb the project; it will of 
necessity change to meet technical and human 
demand; it may even be accomplished some- 
day under another canopy. But it is forward 
looking and challenging and the Idea will un- 
doubtedly bo carried forward in some form or 
another to full fruition. 
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panding industry, niere is abundant esddence 
from all types oi land from Michigan* to 
Florida* that marshlaird deteriorates more 
rapidly after it is drained than it does in its 
natural state. Several causes contribute to this 
deterioration, but the most serious one seems to 
be general subsidence of the land due to settlirrg 
and accelerated oridation of the organic matter 
in the drained soil. Also, fire may completely 
destroy peat and much sod, thus lowering the 
level of the land surface. So long as the water 
table is maintained at the surface of the grouod, 
httle or no deterioration occurs, and the Urid is 
more likely to be available for full productive 
use than it would be if it were drained atvd thus 
exposed to the hazards of subsidence and fire. 

Althou^ it appears certain that there is do 
need for additional agricultural land to this 
country in the middle I9G0i it is almost equally 
certain that the bme will come when it be 
necessary to bring new land into cultivatioo. It 
would impractical here to attempt to say 
just when that time wdl come or to attempt to 
recount all the means whereby its coming may 
be postponed. 

impoTtanct of Drainage. The drainage of 
wet lands offers the greatest of all potential 
sources of additional farmland. Some evidence 
of the present and potential importance of 
drainage as a means of adding to or improving 
our agricultural land is derived from the fad 
that more than 100,000,000 acres of land have 
been drained, and it is estimated that a com- 
parable amount of additional land is capaUe of 
being drained.* The acreage of land provided 
with irrigation is approximately 25,000,000 
acres, and the prospects of doubling this figure 
by additional developments are far hom en- 

' State Ftonning, firrine of Aditiliet and N»- 

iMtul Rtt our wa BoArd, XVuhszi^on, D C., 1935, p. 156. 

r Clcsxa K. Rule, ‘‘Ttie Cbdc»," The land, 

Vot, ^d, 15152, p. 156. 

'Land AroOatle for Agricaltare Jhiough KeelamafioH, 
SvpplefDCTitiry Report of tbe Land Ptajinmg Coumutteo to 
the Natfotial Resourcet Boud, Put IV, WaduDgfoa. D C, 
1S37. 


coiuraging Roughly one-fifth of our best agri- 
cultural land has been made available or has 
been improved by drainage, and, at least theo- 
retically, it would be possible to increase the 
amount of farmland by a similar amount by 
additional drainage. However, the quality of 
much of this additional land is questionable. 

The conservation of wet and overflow lands 
has a twofold significance to that it involves the 
improvement of lands now in use and the 
re^mation of lands not now used. The com- 
mon assumption is that unused land is that not 
being used for crops, pasture, or forestry and 
that used land includes all in privately owned 
faims, ranches, and woodland. Hosvever. it 
must be recognized that a great deal of un- 
drained land has present value as a habitat for 
native animal hfe, as a resting place and a nest- 
ing and feeding area for migratory waterfo»i 
and as a habitat for aquatic life as w ell as sden- 
tific value for studying plant and animal life.* 
Also, before an attempt is made to drain new 
land, there should be recognition of the poten- 
tial value of the area as a regulator of stream 
flow and a source of groundwater supply. Ehuin- 
age is conducive to rapid runoff, and tous may 
result to erosion, floods, and tiie deposition of 
debris. 

Drainage projects should not be undertaken 
without comprehensive knowledge of the ends 
sought, the values involved, and the probable 
tesulls. However, there appear to be some cir- 
cumstances under which the drainage of new 
land cao be thorou^dy justified. Landowners 
paying taxes on unproductive lands may find it 
advantageous to di^ land to protect their m- 
vestment or to increase their income. Also, it is 
probable that some fanners now located on sub- 
mai^oal land mi^t advantageously be moved 
to more fertile land made ava^ble by drainage. 
Nevertheless, before investing heavily m new 
diatoage enterprises the individuals s&ouid 
faww that many such undertakings were never 

*I{eerectKmal L’te of land in the United Slatee, Report oo 
LaikI Ptannmg, Part XI, National Park Service, Uashingtoo. 
DXl,1931.p.S3. 
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completed and that some that were completed 
have been abandoned as economically uiaound. 
Before new land is drained, its potentiahUes 
should be studied tliorougWy to determine 
whether the land \vo\Jd be more valuable for 
recreational and sdentific purposes titan tf put 
to agricultiua] use. 

LAND IN DRAINAGE ENTERPRISES 

Gojiiiej of Ref and Oterjlou Lnnds. Our 
wet and overflow lands vary peatly In their 
productive capacities and in other agricultural 
advantages and disadvantages. 

Wet lands, more or less permanently, have 
such a high water table that they cannot be 
fanned proBlably, Overflow lands, although not 
permanently wet, are so situated that inunda- 
tion is sufScfcntly frequent lliat farming is Im- 
practical or severdy hwdicapped. 

The problems associated with svet and over- 
flow lands are so numerous and they vary so 
much from place to place that it is convenient 
to group them into the following clxsse within 
which geaeralizatlons are possil)le;(Il the outer 
Coastal P lain along OUT Atlantic and Cuff coasts, 
including tidal marshes; (2) river floodpUlrw. of 
which the Mississippi River floodplain and delta 
are the most extensive; (3) gladal lands of low 
relief and obstructed drainage; (4) alkaline or 
water-logged areas as-sociated with irrigation 
enterprises; (5) wet spots on slopes or flat land 
where the l^d surface intenects the general 
Water table or a pershed water table, No data 
are available do the amount of land that has 
been drained or should be drained in the last 
class, but urxloubledJy the total acreage of such 
lands would reach into the millions of acres. 

Extent of Drained Land. No attempt has 
been made to estimate accurately the amount of 
landioibe llnjfetJ States thatsbould be drained. 
Reasonably satisfactory data are availaWe con- 
cernlng the extent and location of artifldaHy 
drained land and land in drainage enterprises. 
In 1920, when die fint census of drained bud 
was taken, there were 65.000,000 acres repiwted 


in drainage enterprises.® Tlie next decade 
Aowed a great increase in acreage (to S4,000.- 
000 acres in lD30)relatedpartly to great activity 
in drainage enterprises and in part to more com- 
plete data. The acreage of drained land in- 
cseased slowly during the decade from 1930 to 
JftiO because these years were characterized by 
drouj^t conditions that lowered ivater tables 
and capital was not available during tlie depres- 
sion years for desirable improi'ements. The 
decade from l&tO to 1950 witnessed renewed 
intensification of activity in drainage as rainfall 
returned (o normal and as wartime and postwar 
markets brou^t prosperity to farmers and in- 
creases in land values enabling them to improve 
their land. During this decade the reported 
acreage of drained land increased from 87,000.- 
000 acres in I&IO to 103,000.000 acres in 1950. 
The actual increase was somewhat greater than 
these figures would indicate because the 1950 
census ^d not include drainage enterprises with 
fewer than 500 acres. Purthertnore, the 87,000,- 
000 acres reported in 1940 included the entire 
area of imgation developmenls that had their 
own drainage; whereas the figures for 1950 in- 
cluded only the land m such developments that 
was actually drained. 

The tot j area in drainage projects serving 
agncultural lands according to the 1960 census 
was 101, 870, 257 acres. This ts slightly less than 
the acreage reported in 1950. but acfuallyrep- 
resents an increase for comparable categories of 
(and. The I960 data excluded about 3 miflion 
acres of chained irrigated land and about 6 md- 
faon acres of swamp and wastelands whichhad 
been induded in the 1950 census. During the 
decade of the 19S0’s. drainage was reported as 
newly established on 5.3 miflion acres and new 
works or services on previously established 
drainage projects amounting to 2.6 million 
acres. The total cost of drainage works and serv- 

■ AD Ihe d<U (or thlt discussion of the e<{uinsiaa of drain, 
•ge cotcipriscs were Ufcni from Oroi'noge of Agritvllural 
VS. Census of dgricullure for 1950. Vol. tV. IVesli- 
iagkia, DC, 1952, tod Ima tl,5. Cnssus of Agrindhoe, 
195S. IV. SVsshington, D.C, IMl. 
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ices during the 10-year period from 1930 to 
1959indusive was $461,875,000. About 40per- 
cent of this was for new works.^ 

Small-sized enterprises accounted for about 
5 percent of the total acreage of artificially 
drained land reported in 1^0. If we can assume 
that the ratio of land in smaQ drainage enter- 
prises to that in large enterprises was about the 
same in 1960 as in 1940, it would appear that 
slightly more than 5.000,000 acres of land in 
enterprises of less than 500 acres were drained 
in 19TO. This would bring the total acreage of 
artificially drained land in organized drainage 
enterprises to about 107,000,000 acres. In addi- 
tion to organized drainage enterprises, there are 
large numbers of small undertakings which have 
never been tabulated. 

PROBLESfS ASSOOATED WITII 
WET-LAND RECLA^IATION 

7i It IRte to Drain Stora Land? The need 
for drainage appears to be local and personal, 
since there is no need for increasing the national 
acreage of fannland at present. As a local and 
personal problem, the principal aim of drainage 
is to improve the use of the land and thus pro- 
mote the welfare of the commimlty and the 
landowner. This certainly cannot be achieved 
unless the benefits exceed the cost. Thus, it is 
advisable, before any drainage project is under- 
taken, to analyze thoroughly the benefits ex- 
pected and to weigh them carefully against the 
expected cost of the project and its mainte- 
nance. Furthennore, when estunating the costs 
involved and the probable benefits to be de- 
nved, it should be borne in mind that certain 
costs will be more or less recurrent and perma- 
nent. Therefore, in making comparisons be- 
tween costs and anticipated benefits, it is 
necessary to add the probable annual cost of up- 
keep to (he uuh^ cost ol (he enterprise and to 
determine whether or not the increase in prod- 
uct from the land will be sufficient to amortize 

r Dnrinttgfi of Agrtcultuml Land*y U.S. Census of ^rSenf- 
hire for IS59, Cliul Brport, VoL IV. Washiogton. D.C, 1931 


tlw entire cost within a reasonable time and 
yield a profit. The farmer who undertakes to 
improve his welfare by the drainage of his land 
should allow a considerable margin between 
costs and benefits, or he may find himself losing 
money during penods of decreasing farm prices. 

From a regional or community point of view, 
the improvement of land through drainage may 
be expected to yield such benefits as increased 
land values with hi^ei tax duplicates and all 
the benefits that come from them, the elimina- 
tion of mosquito-breedmg areas, and the addi- 
tion of land available for homes. Yet, the greater 
share of the cost of any land improvement will, 
in the long run, be home by the farmer, and he 
must be concerned with the money value of the 
benefits as compared with the cost of the im- 
provement. The farmer is interested in increas- 
iog the quantity and improving the qualJ^ of 
his product, and it is very difficult for him to 
know with certainty juft what financial retunu 
these may bring. 

Certainly no farmer should undertake a 
major drainage project until he has thorou^y 
investigated every phase of the problem In- 
volved. He must ascertain carefully the quahty 
and d^th of his soil He should determine as 
precisely as possible the amount of settling that 
mtD follow drainage, the effrets of the increased 
rale of oxidatjon of organic material, aod the 
possibility of fire if his sod has a very hi^ con- 
tent of organic matter. He should consider alter- 
nate uses of the land (hat would prove profitaWe 
with little or no outlay of capital The land 
might be used profitably as it is, or with but h ttle 
improvement, for pasture or forest. It mi^l be 
adaptalde for rice, cranberries, ducks, oraqualic 
life. If his land happens to be a resting place for 
migratory waterfowl, perhaps he could realize 
a net gain by selling hunting privileges. He 
might combine a drainage project with the de- 
velopment of one or more farm ponds and thus 
achieve benefits from the drainage of part of the 
land and at the same tune p lan to harvest fish 
m-other«}uaticlifefromtheponds. Many farm- 
ers report that, acre for acre, the most produc- 
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bve pJrts of tljcir farnB are iheir ponds. If he 
decides to drain his land, crops should be grown 
that arc best sviitod to the soil and the c£mate of 
the area and to the maiVet. This b'st of problems 
is not intended to be ediasjslivc, but It IssuS* 
deni!)’ Jong to demonstrate that the drainsgeof 
additioioi land is not someUdng to be entered 
into Iiastily. 

.Uethosb <^Dmino;i«. After aUndownerhas 
carefully considered his problem from all angles 
and has dedded to drain his land, he has to face 
the question of which method of drainage wfll 
be most advantageous. First he should deter- 
mine whether a thorough perforation of the sub- 
Mil would permit the surface water to sinb Into 
the ground fast enou^ to give him all the drain- 
age he needs. This procedure protubfy would 
he the dscapest tnelhod, it would get the water 
off the land svitheait contributing to Increased 
Sew of streams, and It would help to maintain 
the permanent water table. 

If the above method Is not feasible and actual 
drainage installations are necessary, the choice 
win probably be between open ditches and tile. 
TJe drains have an advantage over open ditches 
in that tiiey do not take valuable land out of use. 
However, open ditches are effective as well as 
cheap and aro simple to install, they are mudi 
more extensively iiscd than tile drains. In 196D. 
there were. In the country as a ssliole. about 
three times a.s many nUles of open ditches as 
there were of tile rhuins. Moreover, the relative 
popularity of opra ditches appears lobeiiMreas- 
ing: between 1940 and 1950. sixteen times as 
many miles of open ditches were constructed as 
of tile drains (9301 miles of open ditches to 581 
miles of tfle drains). From 1950 to 18G0 the com- 
paralde figures svere 33,543 miles of open 
ditches and 2192 miles of tvle or covered drains. 
<5pen ditches seem to be especially favored in 
the southeastern states; whereas tile drams are 
more extensively used in the Com Belt, a fact 
which is doubtless related to the higher land 
values of the latter region. Ohio, Indiana, and 
Iowa have more than one-half of all the mffeagp 
of tile drains In the entire country. 


The practice of land grading or smoothing, 
popularly known as land leveling, is very com- 
mon in connection with irrigation and the 
drainage of irrigated land. In recent years this 
practice has become Increasingly popular In the 
humid eastern states. It Is less expensive than 
tiding and it offeis little or no interference with 
ordinary field operations. No data arc available 
concerning the amount of land now drained by 
land Jevcb’ng. but it is reasonable to expect this 
practice to increase greatly in the future. 

fn some cases the succevs of a drainage en- 
terprise Is dependent on pumps. The total area 
served by pumps in 1D50 was just under 1.7 mil- 
bon acres. From 1950 to 19^ the number of 
drainage pumps in use was approximately 
douUed, but figures as to the acreage benefited 
are not available. 

It Is obvious that pumping should be resorted 
to where topography Is such that gravity alone 
cannot be made to yield the desired results, but 
pumping is also advantageous in places where it 
is especially desirable to control carefully the 
water taUe, as is the case with peat and muck 
kinds. In such sods most crops will not grow if 
the water table is loo high. On the other hand, 
if the water table is lowered too far, the results 
can be serious. The most common of these seri- 
ous results of excessive lowering of the water 
table are fire, vvind erosion, aod rapid decom- 
position of orginic matter.® The most extensive 
areas of land drained by pumping are located in 
California, Florida, Louisiana, Illinois, and 
Missouri.® Because of the expense involved in 
pump drainage, it is especially important to 
weigh carefully the expected benefits. 

THE LOCATION FACTOn 

Geographic Distribution of Drainage En- 
terprises. Althou^ some drainage was reported 

■ M. S. Aadenon. S. T. Bbtr. and A. t- Sfehrtng, Ptal and 
Mocle In Aavtnjtlurcv Circular SSS, tl.S. Department of Agrt* 
culture, VVadiIngtoa, D.C., 1951, p. IT. 

■US. Bureau of ihe Cennu. Drainage of Agrtcullural 
Coub. 1939. p. ai. 
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in every state in the country in 1950, West Vir- 
ginia, the Commonwealth of Pennsylvania, 
Alaska, Hawaii, and the New En^and states did 
not report any regularly organized drainage 
enterprises of more than 500 acres in extent. 

In the forty states that did report regularly 
organized dr^age enterprises, the amount of 
drained land is very unevenly distributed (Fig. 
1). The states of Indiana, Michigan, and Min- 
nesota each have apprarimately 10 percent of 
the total for the country, whereas Ohio. Illinois, 
and Iowa together have about 20 percent. Thus 
six of our north-central states account for about 
50 percent of the total acreage of drained land 
in the country. 

The only other states that individually ac- 
count for as much os 5 percent of the total acre- 
age of drained land are Louisiana, Florida, and 
Texas, with Arkansas ranking next with about 
4.8 percent of the total (Fig. 2). The state of 


Louisiana was shown in the census of 1950 to 
lead all the states in drainage enterprises, but the 
figures are misleading because they include 
severd million acres of land in enterprises that 
bad been organized late in 1949 and on which 
work had not yet begun. If the census had been 
taken a year earlier, before Louisiana adopted 
the parish-wide system of organization, it is 
prol»ble that the total acreage in drainage en- 
terprises in that state would have been much 
less. In 1960 Louisiana reported slightly more 
than 9 million acres in drainage enterprises and 
thus ranked fifth in the country, with about 9 
percent of the total for the country. In contrast 
to the nine states which report more than 5 mil- 
lion acres of drained land, there are twenty-nine 
states (induding the ten previously mentioned 
as reporting no drainage enterprises) that report 
less than 500,000 acres eadi. These are distrib- 
uted in such a way that at least one such state 1$ 





139 


ot W.1 «■ J U«l. 

found In every census division eicept die E«l 

North Ceoted. in svhich the 

reporting 587,000 acres, passes the haH-mrlion 

marl by only 87,000 acres. , . . , 

Allhiigh maps of drainable wet 
ertensive areas of such lands 
coast, there is only one state (North 
uhioh has more thmr 400 000 m rb^g 
enterprises (Frg. 3). North Carohna s 
acres in drainage enterprises acc™t for “F 
pursinurtely onthrdf of all d-c “ 

dong the Atlantic coast north of Flonfc 
Flonda alone has about sL, >»»“ “ 

dmloage enterprises. Most of the 
Florida was developed during the 1®" ' . 

acreage of drained land temamed lelaUvely 

statlennti! about 1950, bntlttebecnmc^ 

by about 50 pereent „ 

prtndpal drainage canals m Florida seef^ 
Sve Ln put through 't'XdtS 

ddenrtion of the capabUrties of 
With Insufficient Imowledge o! the proWe 

"Ksemlarld mid subhmrfd v'c"'^ 
drainage is not muth ol a problem es P , 
it U r^oclated with Irrigation. ■" 
which leads all the western states m W 
Sited ».«. «.d land drdned. 1 
in 1930, lhat K percent of •“ 
enterprises was also Irrigated Ian . , ^ 

eensm data are not avdlabk to "^7 
snitipOon. it is '“““'’'^.f^'i^^en drained 
LndS hjalrf ill Ddiforma at the p.e- 

“I't^y be noted also 
slates in die acreage of land dndn 
ot pumps.- Much rf the J Po 

K so ftrranced that the wa'f^ ^ 
pumped back onto the l^d and used a 

or even a third, time for irrigation. 


Idmi. J3A C»n«.o/ll>» * 

ol Asdcuhur.. 1950. cr- ^ 



AnomUal of Droinagt Mchierf 
About rre-half of our drained land is in 
and the Spring ^\■heat Begmn; 
, ortlScial drainage, ihese tegrons could 



140 


Conservation of Natural Resources 



n&S ^pprau&iulacationof^iuMeaetZiAi&iUS.OeiptitiDflUofAgrteuIttire.f 


not have attained the high rank as prosperous ing some land that is better adapted for forest 
fanning reg^os that they now enjoy How- growth, haven for wild life, or for scientific and 
ever, the success of commercial agriculhire has recreational purposes. Some adjustments have 
been favored in much of this area by such Im- already been made to correct this, especially in 
portant factors as naturally fertile soil, topogra- Wisconsin. 

phy favorable to roadune-type agriculture, a Other areas of notable aduevement in drain- 
stimulating climate that permits the growth of age are located in the states of Arkansas, Louisi- 
all middle-latitude crops, the world’s finest ana , and Texas. In Louisiana and Arkansas, the 
transportation systems, and unexcelled markets artifidally drained areas lie diiefly on the back 
for farm products. All these factors have com- slopes of the levees along the Mississippi and 

bined to ^ve the farmers of this regiDo com- Red rivers Ihese areas have been relatively 

pebtive advantages that have enaUed them easy and inexpensive to drain, chiefly by using 

to finance costly improvement of their land at open ditches extending down the slope away 

considerable finanrial benefit to themselves. from the main nvcrs. The sod is fertde ^uvium. 

However, there is evidence that drainage was and the growing season is so long, especially m 

extended too greatly in Qie norfriern parts Louirtana, diat oS-season crops can be mai- 

Michigan, Wisconsin, and Minnesota by iodud- keted advantageously in the North. Also, the 
fact that rice, a major crop in both Louisiana 
oMirtin R. KmIz, “Hie Black Swamp, A Study b H». Arkansas, has relatively httle competition 

torical Cco^phy," AmMb «/ Ox AaaocHition ofAmeric^a and that Sugar, a major product in Louisiana, 

CwgwpAfj^ Vol XLv. Jass, n». t-35. has effecbve tariff protection eontnbotes to the 
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Fig. 3 Api>radinit« (ocstjoa of dnimbto vret lands. {t'.S. Depaftmanl of Agriculture.) 


not have attained the high rank as prosperous ing some land that is better adapted for forest 
famung regions that they now enjoy.** How- growth, haven for wJd hfe, or for scaentific and 
ever, the success of commercial agriculture has recreational purposes. Some adjustments have 
been favored in much of this area by such im- aheady been made to correct this, especiafly in 
portanl factors as naturally fertile soil, topogia- Wisconsin. 

phy favorable to machine-type agriculture, a Other areas of notable adiievement in drain- 
stimiJating climate dial permits the growth of age are located in the states of Arkansas. Louisi- 
all middle-latitude crops, the woild’s Koest ana, and Texas. In Louisiana and Arkansas, the 
transportation systems, and unexcelled markets artificially drained areas lie chiefly on the back 
for farm products. All these factors have com- slopes of the levees along the Mississippi and 

bined to give the farmers of this region com- Red rivers. These areas have been relatively 

petitive advantages that have enabled them easy and inexpensive to drain, chiefly by using 

to flnance costly improvement of their land at open ditches extending down the slope away 

considerable financial benefit to themselves. firom the mam rivers. The sod is fertile alluvium. 

However, there is evidence that drainage was and the growing season is so long, especially in 

extended too greatly in the northern parts of lawisiana, that off-season crops can be mar- 

Michigan, Wisconsin, and Minnesota by indnd- keted advantageously m the North. Also, the 
fad that rice, a major crop in both Louisiana 
U Mutin R. Kmu. -lie BUck S-Mnp. A Study fa Ho- Arkansas, has relatively httle competition 

toricJ Ceogriphy," Annoit ofihe A$tociotu>n c/AiHnicun aod that sugar, a major product m Louisiana, 
Ctogrophm, VoL XLV. 1853, pp 1-35. bas effective tariff protection contributes to the 
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ability of the fanners to operate profitably in 
spite of the expense of artificial dnunage. The 
artificially drained lands in Texas lie mostly on 
the eastern coastal prairie where drainage be- 
comes largely a matter of control of water for 
nee production. 

Florida is the only other eastern state in 
which artificial drainage is extensive. About 
one-half of the land in drainage enterprises in 
that state is in the Everglades. Problems result- 
ing from artificial drainage in this area indude 
subsidence of the land, rapid oxidation of or- 
ganic matter, and burning of the peat and muck 
soils when they dry out. These problems are 
combatted by careful regulation of the water 
table, which, in many cases, involves pumping 
water olf the land during the wet season aitd 
pumping it onto the land during the dry season. 
The problem of regulation b complicated by 
the fact that the water table should be higher 
for tome crops than for others and it should be 
as near the surface as possible when theland 
b not in crops so as to retard otidation. The 
difficulty of draining the land in the Gnt place 
plus the costly problem of regulating the water 
table predsely make fanning In the Everglades 
precarious. Other areas of a^dal drainage in 
Florida include the west central part of the 
peninsula, extensive areas along the east coast, 
and the St. Jc4jns River Basin. In all the drainage 
districts of Florida, there are extensive areas of 
infertile soil and unreliable rainfall, and in the 
coastal areas improper drainage sometimes re- 
sults in infiltration of salt water. Thus the farm- 
ing of artificially drained land In Florida is oBlly 
and precarious, and it has achieved a reasonable 
degree of success only because of the unexcelled 
market for off-season and subtropical fruits and 
vegetables in the northern and northeastern 
states. 

SHALL ARTIFICIAL DRAINAGE 
BE EXTENDED? 

ArgumenUfor Exleruion of Drainage, No 
Stronger argument favoring extension of arllB- 
dal drainage can be offered than the fact that. 


on the whole, the artificial drainage of agricul- 
tural land has been highly successful. At least 
one-fifdi of oui best agricultural land has been 
made available for crops by artificial drainage. 
TIus would seem to indicate the wisdom of pro- 
ceeding with the drainage of additional land, 
even if it leads to the abandonment of other 
land already In use. Much submar^nal land b 
in use that mi^t profitably be retired and be 
replaced by better land acquired by drainage. 
This may raise the question of why artificial 
drainage is the key to the problem of the expan- 
sion of agricidtuial land or of the shift from in- 
ferior to more productive land. The answer to 
this {»oblem b twofold: first, most of the re- 
maining potentially arable land requires drain- 
age, and second, artificially drained land is, with 
some exceptions, likely to be superior land- 

What are some of the advantages of well- 
drained land which contnbute to its superiority? 
The foffowing advantages are readily apparent 

1. Adequate drainage, by removing surplus 
water, will lower and stabilize the water table 
and (bus provide a greater depth of the root 
zone. 

2. Well-drained soil warms up earlier in the 
spring and thus permits eariier planting and 
germinalioo of crops. 

3. Adequate drainage improves the physical 
condition of the soil, making hr a better seed- 
bed and better tillage. 

4. On a Sdd that is uniformly weQ drained, 
farm work can be done more effiaently. 

5. Satisfactory conditions of drainage mini- 
mize damage by winter freezing. 

6. Effective drainage contributes to improve- 
ment of both quality and quantity of crops and 
thus increases the gross income of the farmer. ' * 

la comparing artificially drained land with 
land that has adequate natural drainage, it may 
be observed that; 

‘rflrpoit on Planning, Pift fV, Ijtnd A^ilabUfor 

Afftnitare Reclamalkm, Prrpircd hy lit Suretu 

cl Agricul tonl Engineering, tJ.S. Deparijnent of Agriculture, 
Iv Ibe Lend PUnning Committee of Uw National Rewureet 
Board, Waahington, D C., 1937. p. 37. 
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1. The percentage of wasteland on the aiti- 
fically drained land is relati\-ely low, 

2. Eroaon is relath-ely insignificant on artifi- 
cially drained land. 

3. Artificially drained land b less lilely to be 
affected by ses'ere drongjit than is land that is 
so situated that it requires do artificial drainage. 

4. Artificially drained land is nsuafly so nearly 
le%el that labor-sasing madtiner}' can be used 
adv-antagecusly. 

The student of coiwcrv-ation can doubtless 
think of actional advantages of artificuDy 
drained land, and he may also find exceptions 
to some of the advantages listed above. How- 
ever, the list is loi^ enou^ and reliable enough 
to surest that there are sound arguments favor- 
ing the artificial drarru^ of additional land for 
agricultural use as East as it can be effectively 
occupied. 

Oppoillion to Erterufon o/ jirtiJieiaJ Dfoin- 
ape. For many s'ean the United States Biologi* 
cal Survey and Ulei the Fish and ^Vddhfe Serv- 
ice pelted out that an undrained marsh might 
be mcere profitable dun ad^ceot farmland and 
♦hat it may provide feeding, breeding, and rest- 
ing places for birds, fur-bearli^ a^mals, and 
other forms of life. It can yield great quantities 
of fish, a supply of natural ice. and grasses and 
other growth that can be used as forage, bed- 
ding, Tu^ and hoskets. It may rrciinhtTn the 
water table, pimnote forest growth, insure the 
Bow of spnngs, and reduce ruimS, thus leduci&g 
Boods and erodoo. Furthermore, it can provide 
areas for educational and recreational uses.'* 

Unfortunate experience in land drvnage in 
a number of states has led to the opuaion that: 
'‘Unused land diould he kept under water until 
it is needed, to avoid subsidence, fire and otida- 
tion."'* 

In recent y«i5, since several large lumber 
and psyver fonr^anics has? brmme intansted 
in maintaimi^ forests on a su5tained-)1dd basis, 

W l.'.s. Bt yutju ggl «r A g r hultMU tV oi t i oet gf Agrical- 
t>^K>d)iogtta,DC, 1938, pp. 313-314. 

w Stair f j n iwfc Rrvwv of Activities sod Piopas.N»- 
beo^ FnfMiicei Bond, Vod uugV osv D Q. 193S. p. 13&. 


some of them have expresed themseha 
stiDo^y against the extension of artificial drain- 
age. At an open hearing of the United States 
Army En^neers in Memphis, an executive of 
one of the largest southern himber companies 
pointed out that the drainage of new land usn- 
aQy leads to elunination of forests which often 
are of more value than any oops that mi^t be 
raised on the land.*'' .At the same hearing reprt- 
sentativ'es of another large lumber company 
went so far as to express oppoation to the drain- 
age of land adjacent to forests.lt was their con- 
tention that the lowering of the water table in 
deared land adjacent to forests would result 
in the lowering of the water table in the nearbv’ 
forests and thus make them more susceptible to 
destruction by drou^L** 

Another segment of onr population, repre- 
sented by boA urban and rural dweDeis, that 
voices strong opposition to the estens'an of 
drainage includes the inhabitants of Iow4v'CDg 
lands in dowmUeam locations who fear that 
the speeding up of runoff from lands above 
them would increase the fiood hazard in their 
own communities. 

These instances are sufficient to demonstrate 
that there are some strongly organized groi^ 
who have legStimate arguments against drain- 
age of addib'onal land until it is needed for crop- 
land and pasture and that any major project is 
likely to meet with detennin^ (Tppodtioa until 
it bas been jBOved to be fuQv justified. 

CONCLUSION 

There is no present need for the drmnage of 
new lands to ptmide food, fibers, and industrial 
raw materials for the people of our country. 
There are, however, many indrvidual formers 
and some communities that would profit by the 
drainage and imfuovemenl of agncnltuial lands 
in local areas. 

Wet lands, sul^'ect to drainage, constitute the 
greatest reserve erf new land available for use at 



Rtcbmation of Uel imd Oxctflow Umdi 
some future Hme when mir growing {population 
ami expanding industry rmiuirc addiliona) ma* 
teriaU. UndoulilwHy, tlic Rrst major step should 
be the drainage and improvement of land al- 
ready in farms. 

Any major deselopmcnt of a drainage enter- 
prise must Iw preceded ty a thorouglr study of: 
fl) need. l>ased on aece^hility to aetual and 
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potential inarkcU: (2) desiraluUty, based on 
comparative advantage of tlic use of the land 
for agriculture in relation to Its use for other pur- 
poser; (3) physical condition of the land, to 
determine whether or not it will be permanently 
productive; and (4) cost, to determine whether 
or not tire imdertiddng will be sufTidently profit- 
alie to pay for itself. 


Reference* 

Agrictjhurai Cufuerrelinn Summary, U S Dquinmeot of Agiitnllure, Agri- 

rultunl Omservitkm Trognm Service, nuhlngtoo. DC. An annua) report 
BarteSi, 1. ]., and C A. £ng(>erg, ''QasaficaUan of Atidugaii Lands According (o live 
^pabitiiy fajim of tfm .Miciiigtin Acot&my of Science. Artt and Vot. XXXVni. 

Part lit, Geogrif^y and Geology, Ann Arbor. Mich., 1052, pp. 287-204 
Bourn, W. S., and Clarence Cotiam, Some Bioic^rai F.firtu of Dtlthing Tidewcier 
Af<rr>ltc(, Hesearth Report 13. fish aod Xt'il^e Seolce. ttWiington, DC., 1850 
Clawson, hfarton. It. Bumell Held, and Charles II. SlocUard. Land Fot i/ie fiifirre. Re- 
source* for the Future. The Johoi Itopklns Pm*. BalUinore, lOfiO. pp. 432-439. 
Dewhitfst, J. and Assodaie*. Amertcu’a AVnb cmf Braouren, A AVv Survey. The 
Thentieth Century fimrl New Yart. 1955, j>p 313-574 
farm Dnlnagr, Fumcn' Bulletin HUS. fJS. Oepartmenf of AgricsJture. Washingtcpn. 
DC- 1952. 

Uewe*. Leslie, ‘The Northern Wet Pnirte of the Uckiled States: Nature, Sources oi Inlor- 
owtlon, attid Exicrti," Aonalt of iht- AtioeiaHonof AmfncanCft^wphm, Vol XU. 
1931. pp. 307-333. 

I iewes. Leslie, and PhUUp E. Ftandson, "Occupying the Wet fialne- The Role of Artifiual 
Drainage in Story County, Iowa," Annab r>/ ihe AMortnhon oj Awertron Geogra- 
pJifn. Vrsl. XUI. 1932, pp. 24-30. 

XaaU, .Martui R., The Black Swamp- A Study In llrstortcai Ceogrtf^y," Arinab of die 
Aiaoriation of Arnencan Ccr^gntpAen, VoL XLV. 1955. pp 1-35. 

.tfoinfoining Omlnctgr SjtJtenia, Farmers' DuBclra 2(M7. O.S Dcpartiocnt of Agriculture. 
XVashmgton D C , 1952. 

Plot sml itack In AgriouUuff, Cirailtr SSS. US. Department of Agricidture. XVadiington. 
DC., 1951 

Peiersot:, Ehncr T.. "Inwak It ihc AtBwer."' ITie LonrL X’oL XI. 1952. pp. 83-83. 

Rule, Glenn Kv “T^ Qiallenging Glades," The Land. Vol XI. 1952. pp. 155~102. 
Sauoderson. XIonI 11.. Vi’fstem Land and Water Haft Viuyeruly of OUahtana Press, Nor- 
man. OUa.. I^. 

Sears. Paul B . ‘Comparative Costs of BestowHon and ReeJamabon of Land," Antinb o/ 
the American Acodemi/ of rohllcat and Social Sricnce. XhL 281. UB2. pp 12&'I3I 
Soil CfMiwrvatww Service, US. Oeparijnent d Agiiculhire SCS N'ationat Engtnccring 
Uandboci, Section 18. Dmiiurge, Chapter 1. ‘TWJptei of Drairage.'' Waihwgton. 
DC. 19(31. 

Supjilonentary Rfjwrl of the Land rionnitig CmnnkiHee to Ihe Nolfonat ReaoKiCM Boanl. 
Part III; AgriculliimlLandfietiutrrme’ils and Rttmrcea, Part IV. Land Arofloiile/cn^ 
Affierd/unr Through Hechimallon. Part VI- >liJadlu*lmenH in Larul Vse In the 
Vniled Slater, Part VII Certain Arpects of Land FMbkau and Cotemmenf Land 
Folicia, Washington, DC,, 1935. 

Utuled Stiles Bureau of Uie Census, Dmlnagp of AffkuUvral Lamb, ISth Cctwuj of the 
Vnited Stales. 19.30, Wadilnglon, D.Cw Jf02 



144 Coaserratioo t;f Satural lieioott^ 

United Sutes Bureau of the Census, United States CetuitK^A^ienlrt/re, VcJ. I\’: Dnaiu^e 
of A^Kultural Ijond — 1S50, tVediiagtoD, DC., 1%2. 

Umted States Bureau of the Census, United States Crosus of Agncnhure, VtJ. IV, Drainage 
of A^rKvltxm Land, 1959, Washington. D.C,, 196L 

United States Departoent of Agriccltiire, Land, The 19SS Yearboot of Agrtetilture, Wash- 
ington, DC. 

United States Depaitinent d .^gricnJtme, A Fiaee toLice^ The yeorfeciot ef Agriculture, 

1953, WashmgUD, D C. 

Umted States Department of Agriculture, Soit The IK? Teorbool: of AgricubuTt. Washing- 
ton, DC- 

United States Department of Agncnlture, Wotrr, The Yearboot of Afficnlture, I9SS, 

Washiogtoei, D C. 

United States Department of the Interior, Firii and WildLfe Senrice. MVtlondt of the 
United States, Circular 3S, Washington, D C., 1K6. 



HERBERT C. lUNSON* 

fonnerii/, Cal)w!h Unlienily of America 

WARREN a WHITMAN 

iVortA Dakota Slate (/nirmffy 


CHAPTER 8 

Grassland Resources 


^VTien we think of the gnwlancli of ourcounttj*, 
we think Gnt of the great natural grazing 
grounds lying west of the Mississippi. Through- 
out ft large portion of this area the principal way 
of making use of tlie land is by grazing the 
natural vegetaUoi) that grows on it. All this 
vegetation Is not grass, of course, but Includes 
extensive arnisof forest. w-oocUand, and shrubby 
vegetation. Insofar as these Utter vegetation 
types are used for grazing, it is eascntlaliy the 
undeisloty of grasses and other herbaceous 
plants that provides tlie forage for livestock and 
wild animals- The tenn range b often used to 
desenbe Uiid on svhich the vegetation Is domi- 
nated by various types of plants ef different life 
forms but where grazing of natural vegetation 
by domestic and wild animab is the accepted 
Und-use pattern In thb discussion of graKland 
resources, grassland and range will lie used 
largely interchangeably. 

Many of the problems associated with our 
western grassland have arisen because of IwJg- 
continued heavy gyazing presstue on a scanty 
vegetation cover developed in a highly variable, 
semiarid to arid ciimate, of which recurrent 
drought is a distinctive feature. Other areas of 
range In tlie United States are found In the 


southern state, Alaska, and Hawaii. In these 
areas the problems arc cot those occasioned by a 
history of past abusive use and inadequate mob- 
ture. and these mnges liave not been in critical 
condition, as far as grazing use b concerned, in 
historica! time. Most attention therefore has 
been directed lounrd the western grasslands and 
die problems associated with their conservation 
and improvement (Fig. 1). 

Four facts stand out about our ivestem grass- 
lands. (1) They have been extensively depleted 
by past exploitation and mismanagement. (2) 
they have shovm substantial improvement under 
the progrun of management and rehabilitation 
developed and applied over the past 30 years; 

(3) our grasslands can be raised to a much higher 
state of productivity than they now exhibit; 

(4) atdiough critical deterioration of our grass- 
lands has been largely liailed, most of the job of 
improvement still lies ahead. 

EXTENT OF CHASSLANDS 

Of the total land area of the conhguous 48 
states of the United States (1902 mdlion acres). 

* Dcc«*j«d, MtKti S, 1962 
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Table 2. Ealeol of Forage-Producing Vcgclatian 
Type* in the Sonifaem Foreated Range Area 


Vegclafitm Type 

Estimated 

Acteage 

Upland hardwoods— bluestem 

46^000,000 

Bottomland hardwoods— cane 

03,000.000 

Sbortleaf— logloUy pine — bluestem 

66.000.000 

Lon^eaf pine — bluestem 

10,00(^000 

Lon^eaf pme — slash pine — wuegrass 

24,000.000 

Cedar — bluestem 

1.000.000 

Coastal praine 

7.000,000 

Marsh 

5.000.000 

Total 

194.00a000 


[adapted from Range Bexnirrtt cj (Ac South, BuOetin N.S S. 
Georgia Agrrmltura) EUperuirenl Station, Albenj, CiL,l9S5) 


cal of deciduous forest than of grassland, was 
erteusively inteirupted by forested areas. About 
22 nuUioo acres of this magnificent gras^and 
remain, with the principal areas of concentia- 
bon in Kansas, Oldahoma, Nebraska, and North 
Dakota. 

The leading dominants were the bluestems 
{Andmpogon), porcupinegrass (Stipo), drop- 
seeds (Spomhofus). switchgrass (Fnnicum). 
Indiangrass (Sorg^astrum), and wildrye (Ely- 
mus). The average height of the major grasses 
in this type was 4 to 5 feet, and under good 
growing conditions big bluestem reached as 
high as 10 to 12 feet. The roots of many of the 
grasses normally reached depths of 4 to 8 feet. 
The taB-grass prairie was and is escefient for 
grazing, forming a close dense sod of palatable 
grasses. Included with the grasses were numer- 
ous colorful and mainly palatable foibs (bro»l- 
leaved herbaceous plants native to the vegeta- 
tion association). Kentucky bluegrass (Poa 
proferwis) has invaded extensively remainiog 
portions of the tall grass. 

The coastal prairie is essentially a southward 
extension*©! tiie tafi-grass prairie, occnpying a 
strip of land of varying width 5 to 10 miles inland 
from the coastal marshes of Texas and Louisiana. 
The major dominants of the coastal prairie are 
silver Eieardgrass (Andropogon sacchawidei). 


other bluestems, needlegrass, panicums, Indian 
grass, and eastern gamagrass (Tripsacum). 
Short-grasses, including grama species (Boute- 
laua). buffalo grass (Buehhe), and cuHy 
mesquite (}liUiria) are common in the western 
portion of this type. 

MIXED PBAnuE AND SHOBTCRASS. The mixed 
prairie and the shortgrass occupy the area be- 
tw'een the tail-grass prairie and the foothills of 
Ihe Rocky Mountains. Extending from Canada 
to central Texas, this grassland type is the largest 
and most important in the United States. A west- 
ward extension reaches from Texas across cen- 
tral New Mexico to Arizona. Frequently, this 
type is referred to as the shortgrass, and less fre- 
quently as the mixed grass. In the latter case, a 
shortgmss phase is usually recognized. Ongj- 
oaOy considered to have occupied almost 300 
tniOion acres, it still is found on almost 200 
millioQ acres of grazing land in the northero and 
southern Great Plains (Table 1). 

The mixed prairie portion of the type lies be- 
tween the shortgrass on the west and the tail- 
grass on the east and is characterized by domi- 
nants from botL The bluestems and tall 
needieg^^es are of considerable importance 
but its true character is shown by the mlthireof 
grasses of intermediate height, called mid- 
grasses, with the shoitgrasses. Important mid- 
grasses include western wheatgrass (Agropyfon 
smirhti), needle-ond-thread (Stipa comafa), and 
prairie Junegrass (Koeferia). By far the most im- 
portant shortgrasses are blue grama grass and 
buffalo grass. Associated with these are several 
short sedges, a number of forbs, and in some 
places an appreciable to heavy development of 
shrubby speaes. In the southern area, blue 
grama and galleta grass become diaracteristic. 
The shortgrass portion is considered by some to 
be a discIima-T, caused by overgrazing of the 
mixed prairie. This phase is most strongly devel- 
op^ m the western and southern portions The 
nuxed prairie portion is consider^ to form a 
transitional strip about 100 miles uide on the 
east, extending from central Saskatchewan to 
northern Texas, whereas the shortgrass phase 
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fomm). The annuaJs have grazing value for only 
a short period in the spring, and on drying in 
early summer present a serious fire hazard. The 
invasion of sagebrush and the large-scale con- 
version of the grass cover from perennial to 
annuals has reducedly markedly the grazing 
capacity of this type, 

SACEBRusii-GRASS. Tile sagebrush-grass type 
is the largest of the western shrub types, and It is 
beheved that ori^ally the grass component of 
the cover in this type was much more important 
than it is now. The type has increased in area 
from about 90 nulhon acres to 96V4 million acres 
in the last 100 years. Most of this iDcrease has 
been at the expense of the northern bunchgrass 
in Oregon and Washington and the shortgrass in 
Wyoming. As the grass component of the cover 
has thinned out, the sagebrush has thickened, 
but the type is important to the grazingiocfustry 
because it provide practically the only source 
of spriog-fall range in the central and nortbeio 
Great Basin. The type extends from eastern 
^^yo^ling to northeastern California and from 
central Utah and Nevada over the soulheastein 
third of Oregon and the southern half of Idaho. 
It is also important in east-central Washington, 
and outliers extend from Colorado, New Mex- 
ico, and Arizona to eastern Montaru. 

The principal shrubs in the type, big sage- 
brush, rabbitbrush (Chrysothamnus), and 
greasewood (Sarcohatus) have little forage value, 
but the understoiy perennial grasses, Uuebunch 
wheatgrass, squirrelcail (Sitanion hystris), In- 
dian ricegrass {Oryzopsit), galleta grass, needle- 
and-thread, and western wheatgrass provide 
excellent grazing. Cheatgrass has invaded the 
undentory throu^out the range of the type. 

SALT-DESEBT SHRUB. The salt-desert dirub 
is closely associated with the sagebrush- 
grass type and is of major importance in Utah 
and Nevada. The saltbushes (Afripler sjgj.) 
winterfat {Eurotia lanala)., and black sagebni^ 
(Artemisia nowi) provide good winter forage for 
sheep, and the type is primarily valued for its 
palatable shrubby species Hou'ever, there is a 
thin grass imderstory that provides consideraUe 


forage. Important species here are Indian rice- 
grass, sand dropseed (Sporoholus cnjptandrus), 
squirreltail, galleta grass, blue grama, and salt- 
grass (Distichlis). 

soimiERN-DESEBT SHRUB. The southcrn des- 
ert shrub has very low grazing value, the shrubs 
tbemselves being largely unpalatable and the 
grasses occurring only at higher altitudes and 
in areas where water accumulates, as in drainage 
ways or depressions. Low and undependable 
rainfall combined with high temperatures make 
ihu area essentMly a desert. The grasses found 
in the area are principally those from the semi- 
desert grassland. In favorable years a very heavy 
powth of winter and spring annuals may occur, 
and some grazing use is made of this crop- 

OPE.V FORESTS OF THE WEST. The Open forests 
of the West provide a great forage resource for 
summer grazing by cattle, sheep, and big game 
animals. Gra^g in these forests is on an under- 
storyofgrasses, forhs.andshnibsbeneathrather 
widely spaced trees or on open parks, mountain 
meadows, and subalpine grasslands. Open forest 
types extend on the hi^er elevations and the 
mountains from western South Dakota to west* 
ent C^hforoia, and horn central New ^fex^co 
and Arizona to Canada. The ponderosa pine 
forests are especially important as a grazing 
resource, and the Douglas fir-aspen forests of 
higher altitudes also provide good grazing. In 
the alpine spruce-fir zone the grazing season is 
very ^oit, but cattle and sheep find the grasses 
and Ibrbs of these hf^ ranges both palatable and 
nutritious. The wheatgrasses, fescues, blue- 
grasses, needlegrasses, pinegrasses, oatgrasses, 
and a number of sedge speaes provide much of 
the forage on these timbWed ranges. Numerous 
palatable foibs and a wide variety of brush 
species such as serviceberty, snowberry, cliS 
ros^ and mountain mahogany provide addi- 
tional grazing. 

•.nsCELLANEOus TYPES. The Pinon-Juniper 
type Les below the ponderosa pine primarily m 
Cdoiado, New Mexico, Arizona, Utah, and 
Nevada, althou^ it has extensive outliers to the 
south, north, and west of this area. The short 
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coniferoas trees tliat characterize this type have 
Lttic value as timber, and it is primarily a sjwt'ng- 
faU or yearlwjg range on which wbeaigrasscs, 
noedlegrasses, grama grasses, and a variety of 
shrubs and forlis provide grazing for cattle, 
sheep, and big game, especially deer. Tlie type 
has been seriously depleted over e.rlensivc areas 
by beasy grazing ute. 

The IVood/oful-Cfioppaml. mainly In Cali- 
fornia, where fairly open, has a cover composed 
Urgely of the sante annuals that have repbeed 
tlie perennials In llie Pacific prairie. At the 
hi^er altitudes and in southern Califorrua the 
dense Imish growtii may be nearly impenclraWe 
and the type is unfit hr grazing. 

SQOTUEB.V FOBEST RANtjcs. A number of 
forest-grazing types occur on about 182 million 
acres of land In the area from east Texas and 
Oklahoma to Vji^nLa, the Atlantic Coast, and 
Florida. The open and cutover forests of both 
pines and hardwoods provide good grazing, and 
much of tile land throughout liie area has been 
cultivated and abandon^. In this forested area 
the associated grosses wiilch provide the bulk of 
the forage include bluestems and broomsedge 
(Andrepogon spp.), wiregrass (Arfifida). drop- 
seeds, panicums. paspalunu (forpo/imi 
Dcraiuda grass (Cynodon), carpet grass (Axono- 
put), and others. Switchcane (Anmdinarid 
tecta) Is an important source of forage bt the 
bottomlands and sivsmps. 

GRASSLANDS OF HAWAII. The range lands of 
Hawaii include roughly about one-fourth of the 
total area of the Isfani and are nearly aB per- 
manent pastures. Some of the Lind included in 
pastures is arable and may be plowed and re- 
seeded at intervals of several years. Much of the 
existing pastureland was once heavily forested 
and trees and shrubs are still of considerable im- 
portance in the cover. The types of pastures are 
mainly related to altihidmal zones, with most of 
the pastured areas lying tielow 8000 feet. 

At tlie present time introduced species are 
far more important than Uie native grasses. 
Giant grasses such as Guinea grass (Panictim 
ncximam) and Napier grass (renn/setum pur- 


ISl 

purcum) arc important at lower elevations, 
along Willi Bermuda grass and Dailis grass. A 
native leguminous shrub, Koa haole {Lucaerta) 
and Kiawe, a tree related to the mesqulte, are 
oLao important here. Intermediate and higher 
altitudes support sucii grasses as orchardgrass 
{Dadytis). Yorkshire fog lllotcu.i), ryegrasses 
(fzi/rwn). and bliiegrasscs {Voa spp.). Kikuyu 
grass (Fenntsefum cUtrulcsilnum), and Pangola 
grass (OIgttaria) ore important at botfi low and 
intennediate altitudes, Pib' grass (thtefopogon 
rontortua) is the only indigenous grass of con- 
scrpience in tlie cover. 

cnAssiA.s-DS i.v AiASEA. The native grasslands 
of southwestern Alaska, tlie Alaskan Peninsiib, 
Kodiak Island, and the smaller islands are grazed 
by cattle and by sheep. Cras-slands in southern 
and south centra] Alaska also help support a 
livestock industry. The principal limitation in 
the grazing use of Alaskan grasslands is the lack 
of winter feed for livestock. Summer range is 
readily available, but. except for favored areas 
such as Kodiak Island, winter grazing of domes- 
tic livestock is not possible. Coastal strands, salt 
marshes, true grasslands and meadows, and up- 
land inanhes and bogs arc available for grazing. 
Major forage-providing species Include Ameri- 
can dunegrass (Efymus mollis) along the coast, 
and alkali-grass (fWdnellia) and sedges in salt 
marshes. BHk joint (Cakimagrostis canadensis), 
red fescue and other fescues, slender wheat- 
grass, Uuegrasses (Pew poliutris and P. glouco). 
and many other grasses and forhs are important 
components of grassland and meadows. A num- 
ber of different sedges characterizes the vegeta- 
tion of the wetter areas in both lowUnd and 
upland positions. 

NATURE OF GRASSLANDS 

Natural grasslands consist mostly of perenniai 
hobacemis plants, and unless seriously deteri- 
orated, the grasses are dominant over the forbs 
(broad-leaved, non-grasshke herbs). Frequently, 
sevend kinds of grassldce plants known as sedges 
are associated with the grasses and forbs in the 



152 


Consen'ation of Natural Resources 


grassland complex. Over 1400 species of grasses 
are known to occur in continental United States, 
exclusive of Alaska. Only about a ffth of these 
would be important as forage for grazing live- 
stock. 

In the tail-grass prairie near Lincoln, Ne- 
braska, before the drou^ts of the 1930’s, the 
Bora consisted of a total of 237 species of whtdi 
38 were grasses, 18 were sedges, and the rest 
were broad-leaved flowering plants. The grasses 
and sedges constituted only one-fourth of the 
total number of species, but, because of their 
dense gro^vth and other competitive features, 
they made up nine-tenths of the vegetation. 
Only four of the grasses rated as dominants in 


die rangeland adjoining the foothills near Fort 
Collins, Colorado, and of these four, western 
wheatgrass was the chief, with a total of 109 
spedes. On the rolling hills near the Missouri 
Wver south of Mandan, North Dakota, the flora 
comprised 300 spedes, of which 60 were grasses 
(Fig. 2). Two grasses and two sedges provided 
about 65 percent of the cover and about half of 
the total jield. Bluebunch wheatgrass (Agro- 
pyfon spicatum) makes up about 95 percent of 
the vegetation in remnants of the Palouse 
Prairie ui northern Utah. Annuals are usually 
scarce except in places disturbed by tillage, ex- 
cessive grazing, erosion, or some other cause. 
In sudi cases the annuals may become very 
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abundant. Indeed, as illustrated by data on the 
California annual grassland, ffere annual popu- 
lations as great as 7830 mature individuals per 
square foot have been r^xirfed. 

Various low shrubs may be scattered attiong 
the grasses and foibs, especially in the more arid 
grasslands. Scattered coniferous and broad- 
leaved trees also occur in grassland. If the can- 
opy cover of the trees exceeds 10 percent, it is 
customary to consider the area as woodland or 
forest, ratlier than grassland. 

Grnises and Eronion. The dense growdi of 
grasses provides excellent cover for the soil, 
thus reducing runoff and erosion. Their ability 
to grow in many kinds of soils and to endure long 
periods of drou^t, together with their basal 
habit of growth, malces them the basic resource 
of the livestock industry. The litter formed by 
dead stems and leaves is important in many 
ways, such as protecting the soil from raindrop 
splash, faalitating the inCltration of water into 
soil, and reducing soil temperatures on hot 
summer days. The litter also provides more 
favoraUe conditions than bare soil for the ac- 
tivity of microorganisms, thus aiding in sc^l 
development. 

The creeping species of both grasses and 
forbs, wnih their closely spaced stems and roots, 
slow down the rate of water flow, hold soil par- 
ticles against the pressure of the water, and ac- 
cumulate water-borne debris, which forms liny 
dams, thus further retarding the water move- 
ment. It is because of these characteristics that 
sod-forming species are used in seeding terrace 
slopes, in grassing down gullies, and in other 
areas over which drainage watCT from rains and 
floods flow's. In strip fanning on slope.s, where 
narrow strips of grass are planted on the con- 
toiu to alternate with tilled crops, the sod grasses 
are most effective in absorbing the runoff from 
the tilled strip above as well as the predpitation 
received effrectfy. 

On cultivated fields subject to wind erosiwi, 
grasses may be used in narrow barrier strips 
alternating with rows of crop plants. Tlie tall 
and quickly growing bunch grasses are most 


153 

suflabie for this purpose. Cultivated fields that 
have been damaged by wind erosion can be 
stabilized and reclaimed by seeding to adapted 
grasses. Badly depleted rangelands, on which 
wind action has begun to move the soil, have 
been successfully reseeded. Wind-eroded range- 
lands may be reclaimed by natural processes if 
enough of the former vegetation is left. The 
scattered remaining grasses spread by means of 
ibetr riiizomes and anchor ^e soil with their 
fine roots. 

Grasses are often the first invaders on sand 
dunes and in “blow-outs.” Some of these invade 
by rhizomes, which may be very long, as in 
biosv-out grass (RedfieCdia femnsa) Others, as 
In sand bluestem (Artdrvpogon fujUii), Invade 

seed Gradually the blowing sand becomes 
fixed. 

rfaRr-..-infnin} tnterrelntionjihipa. InterreU- 
tronshjps between plants and animals in the 
grassland axe numerous and varied. The veiy 
nature of the grassland appears to be the lesult 
of mutual relations that have been occurring 
throughout the time that grasslands and grazing 
aniin^ have been developmg. A certain degree 
of grazing is more normal than no grazing what- 
ever. An excessively deep mulch may develop 
in some ungrazed grasslwds. with consequent 
reduction in kinds of species and in the density 
of the surviving species. Under moderate use 
many grasses tend to become more decumbent 
and provide more ground cover than when they 
are not ^azed. The big question to determine 
for each kind of range is the usage that is best in 
the tong run far the grasslaod, the livestock, and 
the rancher. The proper season and degree of 
use are major problems of management in every 
range area. As a rule, maintenance of the desir- 
able combinahon of plants on a range requires 
that not more than 35 to 55 percent of the annual 
growdi be grazed. This varies in accordance 
fie Jdnd al fvgetathn, xtfJ conditions, 
{diyskrgraphic conditions, and the climate. 

Specialization in the (ceding habits of cattle, 
she^ horses, goats, and game animals makes 
them more efficient in securing and digesting 
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certain kinds of plants. Sheep, for example, pre- 
fer weeds, native forhs, and lender grasses. Tlje 
effects of rodents on the vegetation are usuaBy 
destnictive, but sometimes they are benefidal. 
as aiding in seed dispersal, mixing of the scd. 
and in the grazing of some undesirable weeds. 
Rodents are destructive by consuming herbage 
and seeds above ground and also underground 
parts, including roots, rhizomes, and the crowns 
of plants. In prairie dog towns and about kanga- 
roo rat dens, the original vegetation may be 
entirely destroyed and remain bare or be in- 
vaded by weeds that are not relished ly live- 
stock. The establishment of legumes in the 
southern Great Plains presents a problem be- 
cause their roots are very palatable to pocket 
gophers. These rodents may also deby the 
course of succession by the frequent overturn- 
ing of the soil, reducing the organic matter of 
the surface soil by brin^g up subsoil to the sur- 
face, and prevli^g suitable coodidoos for the 
persfstencie of weedy species. 

Insects are numerous In grasslands. It has 
been estimated that they may reach 95 nuOion 
individuals per acre in Klanitoba. Tbelr rebtions 
with pbnts may be benefidal, as in the pollina- 
tion of flowers, in seed dispersal, and in destroy- 
ing plants of Lttle value, and other hannhil 
insects. They consume plants, spread diseases, 
retard succesrion. Harvester ants, whose bur- 
rows penetrate as deep as 10 feet, cause bare 
areas on the surface. Devastation caused by 
grasshoppers may be foDowed by severe sod 
erosion. 

Birds are usually beneficial in their rebtions 
to plants. They help in distributing seerb, they 
destroy insects and rodeuts, and aid in the dis- 
posal of dead animals. Some kinds, as the Texas 
bobwhite quail, although they prefer grassland 
for cover and nesting sites, consume for food the 
seeds of weedy pbnts. Pheasants in western 
N'ebrasla increased during the droughts of the 
1930's because of the invasion of weeds, such as 
ragweed, sunflower, pigweeds, etc., which pro- 
vided them with suitable food. 

FVedafor-prey rebboos and their effects on 


plants are numerous and complex and need to be 
worked out for each kind of animal. For exam- 
ple, in a study of that much accused predator, 
the coyote, in Nebraska, the preponderance of 
its food was found to be wild mammals, espe- 
mlly rabbits, mice, and pocket gophers. The 
coyote did consume pheasants in certain areas, 
but this apparently occurred because the pheas- 
ant population was sufficiently large to be har- 
vested. Excessive numbers of rodents hai’e 
occurred in pbces because of the almost wan- 
ton destruction of predators. 

HISTORICAL USE OF 
THE CILASSLANDS 

Little is actually known as to the status of our 
grasslands before the coming of the white man. 
It Is known that the grasslands of the West were 
used by great mimbm of grazing wild animals, 
with the bison being the most important In terms 
of forage consumption and exertion of grazing 
pressure on the grassland resource. Undoubtedly 
there was damage to the grasslands as the re- 
sult of overgrazing, excessive trampling, and 
erosion during long-continued drought oser 
extensive areas. Howes’er. the ability of the 
animab to migrate extensively and the natural 
reduction in number of animals resulting from 
a dwrindhiig fcxid supply would tend to minimize 
destructive grazing effects. 

The introduction of cattle, horses, and sheep, 
primuily under the influence of the Spanish 
migration from Mexico, begmrung over 200 
years ago, exerted the Erst influences of grazing 
by domestic livestock on the western grasslands. 
It is likely that before the middle of the 19th 
century much of the California grassland had 
been invaded by alien annual speaes, pnmaril)’ 
as the result of heavy grazing use. 

V*e of the Ptains Grassland. The story of 
the use of the grasslands of the Great Plains east 
of the Rockies is generally better known than 
that of the use of the far-western grasslands. 
Intensive grazing of rV'i'! great natural grassland 
did cult begin until well into the I9di century 
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There are sUU a few men olive who actviall^tod: 
part in moving livestock into the largely unoc- 
cupied ranges of the northern plains. 

Tlie final slau^ter of the great herds of bison 
on the plains in the I87D's and 1S80’* was ac- 
complished by the invasion of the Cattleman. 
Initially many of the cattle came from Texas »» 
the well-known "trail drives." The cattlemen 
soon recognized the Importance of takmg pos- 
session of streams and springs for tvateringUieir 
stock and thus securing control of adjmning 
public rangeland. The private hod owned by 
some of the early cattle "barons” formed a 
fantastic pattern as it followed a meandering 
stream. Various and devious methods svere used 
to secure btle to such slreamside "homesteads.” 
As the news spread throughout the eastern 
stales and in Great Britain of the huge profits 
that covJd be realized from "free grass.” there 
was a tremendous boom to Invest in the catUe 
business, reminding one of the "gold rushes” to 
California or Alaska. Sheepmen also appeared 
on the range, and confiicts occurred j^tween 
them and the cattlemen. The grasses were 
nutritious the year round, it was not conrtdered 
necessary to put up hay for the winter; little or 
no shelter was pr^d^i expenses were small. 
It was a bonanza. No wonder (he industry ex- 
panded by leaps and bounds. But, droughts 
came; the grass was short; ranges were over- 
stocked; no hay was available. Disaster was not 
long in coming. 

frisasier. The vrinter of 1885 was veiy severe 
in the southern Great Plains. Losses of hveslock 
Were unusually heavy, and in the following sum- 
mer large numbers of cattle were moved to 
the already heavily storked ranges of the north- 
ern plains. Tile cattle were in poor condition in 
the winter of 1886-1887. The cold came early; 
storm followed storm; the mercury went lower 
and lower. Temperatures of 60' below zero 
were reported, "nie ofdest resident had never 
remembered experiencing such severe pondi- 
Uons. There were no reserves of feed on the 
range or in the stack. Livestock losses were ter- 
rific. More than 00 percent of the hvestock died 
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on some individual ranges. Many operators did 
not even liollier to make the spring roundup. 
With the coining of spring, most of the operators 
m (his region faced bankruptcy. The days of 
careless management were over. The summen 
of 1934 and 1936 and the winter of 194S~1949 
wwe reminiscent of the extreme conditions of 
the earlier years- Drou^t conditions on the 
plains in the 1950 ‘s served again to emphasize 
that the need for careful management is a con- 
stant feature of range use on the plains. 

Mhmanogemwl Continuea. VodmbleiSy, 
many stockmen realized that the boom was over 
and that those who continued in the business 
would have to work out proper management 
methods. There were, however, many diffi- 
culties to contend with. The grassland resources 
had lieen badly damaged, and new difficulties 
were arising from the westward march ol farm- 
ers. They were ffivadmg the rangelands. The 
homestead bws favored acquisition of land by 
the fanners. Many secured 169- to SZO-acre 
homesteads in areas that were so deficient in 
sc^ fertihty and soil moisture, had such a short 
growing season, and were at such a great dis- 
tance from (he market that the only use theland 
could be put to was grazing. Many of them used 
Ideas and methods of farming that they brought 
with them from the East or Midwest, not realiz- 
ing (hat diBeiences in clunitic and soil condi- 
tions would not permit their use After a year, or 
at the most a few years, dunng which many de- 
pended on the cattlemen for a living, they had 
lo leave their homesteads. But much damage 
had been done to the grasslands. Small areas 
were necessarily heavily grazed. The plowing of 
such rangeland is best expressed by the wonder- 
ing Indian who remarked, "Wrong side up." 
The truth of his remark is realized now when 
one sees so much of the range country still scar- 
red and notes the invasion of numerous weeds 
and insect pests. 

The presence of the farmers in the range 
country made it difficult for the stockmen to 
prevent further detenorabon of the range. Too 
often the stockmen did not realize bow much 
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damage had already been done by too heavy 
stocking, by grazing too early and too late in tfie 
season, and by failure to distribute stodr 
properly on the range. It svas not entirely the 
fault of the stockman. He had no pattern, 
guides, or rules to follow. There was no science 
of range management; grassland ecology was 
unknown. The first effects of overgrazing are 
so sh^t that only careful observations or meas- 
urements will reveal them. Often it is difficult 
to distinguish between the effects of overgraz- 
ing and subnormal moisture conditions. 

Overuse and mismanagement of the grass- 
lands and the associated shrubby and forest 
grazing types in the West were not confined to 
the Great Plains area by any means (Rg. i). 
Serious range deterioration was reported from 
nearly ail areas by the early IdOO's. The first 
really quantitative estimate of the status of the 
western rangelands, however, was the classic 
report of the United States Forest Service in 
1^6.* This report showed that mismanagement 
had resulted In the depletion of most of the 
grassland in the range country, with a consider- 
able decrease in grazing capacity. In its report 
the Forest Service estimated that the forage on 
about 55 percent of the range area was so de- 
pleted as to have less than half of its original 
grazing capacity. Another 30 percent was not 
so seriously depleted, but the forage on this area 
had far less than its normal gra^g value. On 
only about 15 percent of the total range area 
was the forage in reasonably good omdition. 
An over-all estimate placed 93 percent of the 
total range area as being depleted to some 
extent. 

During World War I, because of the need 
for grain crops, much rangeland was again 
turned wrong side up. and during the droughts 
of the 1930s, grasslands, especially those that 
had been overgrazed, deteriorated considerably. 
The great dust storms during this period oii^ 
nated in large part in certain mismanaged parts 

W'afrm Rimge, Senate DocuRimt Iva.Co^enrmeiil 
Printing Office, Wellington, D C., 193C, 620 pp. 


of the range coiinliy. The planting of grain in 
the range country was widespread again during 
IWnM War 11, and after the war, there were 
serious drou^ts, especially in the Southwest. 

There has been no complete comprehensive 
rqwrt on the status of western rangeland since 
the 1936 report of the Forest Service. However, 
the Nafional Incentory of Soil and Water Con- 
servation Needs ^ has provided important in- 
formation on the physical condition of the land 
and cover in 1958 on about 417 million acres of 
privately owned range and permanent pasture 
ID the seventeen western states. Federally 
owned range w^ not mduded in the inventory. 
The results of the survey diowed that nearly 
75 percent of the privately owned western 
rangdand (over 307 nulhon acres) was in need 
of some type of conservation treatment. On the 
other hand, the survey showed that over 109 
million acres had received conservation treat- 
ment and were in a generally improved condi- 
tion. 

CRASSL4ND COKSEItVATION 
AND IJilPROVBLMENT 

Controf of the Range. Fortunately, because 
many grassland species can take punishment in 
an excessive degree over a long period and then 
recuperate when given favorable conditions, 
improvement measures could be put into effect 
over extensive areas when the need for such 
measures was realized. One of the great handi- 
caps to overcome, however, has been the wide- 
spread idea that the grass wtU come back as soon 
as it rains. UsuaDy, it has taken more than rain to 
restore depleted grassland 

The first step to range iaiproventeat was to 
bring a halt to unrestneted grazing of the range- 
lamt. The invenbon of barbed wire in 1873 
made it posable for the stockman to exercise 
some form of range control. After 1880, the 
use of barbed wire spread rapidly throughout 

‘Sumnunztd by T. A. Nnibaurr. “The Cra.»l»ndi ot 
VWsI,' /ourruil of Rotigc Sfanagmmt, VoL 16. 1961. pp 
^- 333 . 
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llie range country. By fencing his holding, an 
operator could keep other livestock from his 
range and could regulate to some extent the 
distribution of his own livestock. Without doubt 
the avadabdity of relatively cheap fendng in the 
form of barbed wire provided a strong impetus 
to private ownership and control of grazing 
lands. Actually, many illegal encktsures of puUic 
land were made, which often led to bitterness 
and conflict. In order to fence, the rancher had 
to acquire ownership or rights to the land that 
he put under fence. He naturally secured the 
most valuable grazing lands and fenced them. 
Most of the remaining, less valuable, grazing 
land still continued to exist as public land. 

Traditionally, the goverrunent agencies with 
responsibilities for land administration In the 
western states have provided the primary hn- 
petus toward eontroiled grazing and grassland 
improvement. Beginniog with the setting aside 
by Congress in 1891 of the first pubbe domain 
land Into forest reserves, later known as national 
forests, much pubbe grazing land has come 
under the control of the Forest Service. The 
grazing on this land has been regulated to some 
extent for many years, with resulting improve- 
ment of the rangeland. In 1962, the total area in 
Uie national foiesls and national grasslands* 
used for grazing was about 62 million acres. The 
importance of this control and the stimulus to 
better management of grazing lands provided 
hy the practices advocated by the Forest Service 
are apparent when it is realized that in 1962 the 
total number of cattle and horses grazing on 
national forest land under permit was 1,307,183. 
The number of sheep and goats was 2,360,858- 
LbestoeJe graze over 43 percent of the 143 mil- 
hon acres of national forests, national grasslands, 
and land utilization projects controlled Ig' the 
Forest Service in the western states. 

The Forest Service appUes two baric princi- 
ples in the management of national forest re- 
sources in order to meet the objective est^ 

•nir utlwul grasiluds ewuist of 18 fottnet Und olitao- 
tioo ftow admifustrird by Ibe Forott Senice. Tbei* 
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liAed in 1905 of securing the greatest good for 
the ^eatest numlier of people in the long run. 
The first of these principles fa sustained yield, or 
the maximum pr^uction of forage. Umber, or 
other renewable resources. The other basic 
prinL({de is multiple use. A certain area of forest 
land may, at the same lime, produce forage for 
bVestock and big game, timber, and serve as an 
important watershed. Other uses are forrecrea- 
tkrti, miaing, and waterpower sites. The pro- 
duction of water and timber are primary uses, 
as stated by Congress. Multiple use means the 
coordinated development and use of all the 
values of the land. 

One of the persisting problems in the admin- 
istration of the grazing Linds fa to bring about a 
proper balance betiveea the forage supply and 
the bvestock numbm so as to improve many 
ranges that are not in a maxunum stage aS pro- 
ductivity. For many yean the Forest Service 
has been building up forage production andpro 
techng the land from excesrive nmoff and ero- 
sion reseeding, other range improvement 
practices, and by better methods of manage- 
ment. Harmonizing various uses, such as ac- 
celerated demands for water, recreation facili- 
ties. mining permits, and increased grazing by 
big game, calls for thorough study and careful 
judgment. 

The Soil Conservation Service, established 
in 1935, has as a basic objective the use of each 
acre of land accordmg to its capabihty and treat- 
ment according to its needs Privately owned 
grazing land in soil conservation districts, to be 
managed in accordance witli grazing use stand- 
ards mutually agreed on by the rancher and the 
district, exceeds 199 nullion acres. Deferred 
grazing is being practiced on some 48M million 
acres, and over 11 milljon acres have been re- 
seeded to native or introduced grasses. Other 
measures that have been adopted to improve 
many additional acres include- slock water 
developments, range renovation, including 
fHttfaig operations; structures to facilitate the 
spreading and absorption of water, thus controJ- 
erosion and aiding revegetation, control of 
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undesirable brush and weeds (on about 27 
inilbon acres); and improvements in procedures 
for utibzing range forage (Fig. 3). 

Some unique practices are used to secure 
proper grazing use in the Gulf Marsh ranges of 
Louisiana and Texas. Large acreages of these 
marshes are suitaWe for grazing, but commonly 
they are interspersed witli areas too swampy to 
support cattle. Walkways, consisting of earth 
dikes, have been constructed to allow access to 
usable portions of the marsh. Eartli for these 
dikes is secured horn borrow pits, which are 
staggered rather than continuous, and therefore 
do not result m marsh drainage. Accsunulated 
rank growth is controlled by periodic burning 
when the water level is above the ground sur- 
face. In many cases flood gates have been con- 
structed to control the inflow of salt water. 

Considerable improvement of rangebnds has 
undoubtedly taken place, particularly on the 
nearly ZOO million acres properly used within 
soO conservation districts. The trend in range 
condition appean to be upward generally in 


conseivabon districts, but local conditions, such 
as prolonged drou^t, may reverse this trend 
temporarily. One difficulty in accomplishing 
range improvement programs is in securing the 
understanding, interest, and acceptance of 
range management principles and practices by 
landowners. 

For many years no provision existed for the 
control of large areas in the public domain, ex- 
cept as individual stockmen were able to exer- 
cise it locally. It was widely recognized that 
deletion of the range forage crop was wide- 
spread and (X)ntinuing, and that accelerated 
erosion was in progress on some 180 million 
acres of vacant public lands. To place these 
lands under control the Taylor Grazing Act was 
passed by Congress in 193J. The preamble to 
the act states: "An act to stop injury to the public 
grazing lands by preventfag overgrazing and 
soil deterioration, to provide for their orderly 
use, improvement, and development, to stabi- 
lize the bvestock industry dependent upon the 
public range and for other purposes." This act 
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Initially authorized the %vilhdrawal from entry 
of 142.000,000 acres of unreserved and unap- 
propriated public domain and furnished a long- 
needed basis for measures to improve some of 
the most badly depleted gtassLmds. Tire Act 
provides for the establishment of grazing dis- 
tricls under the joint management of offidak of 
the Department of the Interior and stockmen. 

Over 158 million acres of public lands In 5d 
graung districts in the western states are now 
administered by the Bureau of Land Manage- 
ment of the Department of The Intenor. Irr- 
cluded in the districts arc about 2 million acres of 
non-federal lands. Grazing on another ISmilUon 
acres of public domain not included in districts 
ts controlled by the Bureau under grazing leases. 
Almost 2Vi rnillion head of catUe, 6H million 
sheep, and an estimated 1 million big game ani- 
mals use Uie public domain lands under the con- 
trol of the Bureau of Land hfanagement. The 
management program of (he Bureau is designed 
to bring about the eonsenntfon and improve- 
ment of the rangelands through controlled graz- 
ing, adjustment of stocking rates to the produc- 
tion capabilities of the forage, development of 
water spreading systems, brush and noxious 
plant coutroL and range reseeding. 

Important grazing lands are found on the 
Indian reservations. About 80 percent of the 
53ti million acres on the reservations fs in grass- 
land, Viith grazing control uiuler the Bureau of 
Indian Affairs of the Department of the Inte- 
rior. Irtiese rangelands are managed so as to 
bring the niazimum retiim to the Indian o'vners 
with sustained forage prodwct/mi. Ol^ecBves 
are io preserve the range and water resources 
through proper grazing practices and to rcha- 
bihtaie lands that have deteriorated so tliat the 
Indians will have an opportunity to earn a liv- 
ing by grazing llielr own bvestock. Alxmt 75 
percent of the total reservation range land is 
used to graze Indian-owned livestock. 

The N'ational Park Service and the Fidi and 
H'ildlife Service of the Department of the Inte- 
rior administer significant acreages of graisland 


and forested grazing land in the western stales. 
Almost 14 million acres are in National Parks 
and about 7 million acres in wildlife refuges. 
Crazing of domestic livestock is permitted only 
to a very limited ertent on special areas in some 
of the parks. Tlie objectives in administration 
are. as set fortli by Conp-ess, "to conserve the 
sceneiy, and the natural historic objects and 
wild life therein, and to provide for the enjoy- 
ment of the same in such manner and by such 
means as will leave them unimpaired for the 
enjoyment of future generations." One of the 
diOiculties encountered at present is llic inade- 
quacy of forage, especially during vilnter 
months, to keep pace with the natural reproduc- 
tion of some of the lar^r animals, such as the 
bison and elk in Vellowstoiie National Park and 
elsewhere. In places, deer and rodent popula- 
tions are above normal because of the dearth of 
carnivores. 

The uUdlife refuges are managed on a 
multiple-iiie basis, as far as this u possible with- 
out defeating the primasy objective for which 
eadi was WtabUsbed. In many of them grass- 
lands provide grazing for various kinds of game 
animals. 

PRESENT STATUS OF 
niC CILASSUVNDS 

Ther? is general agreement that the true 
grasslands, die shrub-g«« t)-p«, and the for- 
ested ranges of the western states are depleted 
in the sense that grazing capacity has been re- 
duced from that of tlie natural vegetation in the 
vir^n condition, However, it has been ques- 
tioned whether this depletion is os great as 
generally pictured.^ The previously mentioned 
estimate of range depletion made by the Forest 
Service in 1936 concluded that the entire vsest- 

’Afldirwd. eWi, Htw Impact c/ E»v>k IsTaUan on Ihr 
KonabuAZ Nr* World Mld-Ljtitude Craa^Undi.** b Man'* 
Kola In Clumgfng (^c Faca of Oia C«rt\ Edilol ba VVittUm 
l.'n>oni»i, V'ohvnll)’ of CMcare FiaM, CUc*)^ tSSH. 



Consen-ation of Natural Resourtts 


etu range was depleted by 52 percent. Furdier- 
more 76 percent of the range had declined since 
the early 1900 s and only 16 percent had im- 
proved. Federal public domain was in the worst 
condition, showing a depletion of 67 percent 
with over 90 percent of Ae acreage still on the 
downgrade. Privately owned grazing land was 
only a little better, svith an estimated 51 percent 
depletion and 87 percent stiH trending down- 
ward, The national forest ranges were con- 
sidered to be 30 percent depleted, with only 5 
percent of the area involved showing a down- 
ward trend. It seems hkely that the estimates of 
depletion, made during a period of nearly con- 
tinuous severe drou^t, rnay base been influ- 
enced somewhat by the current condition of 
the forage resource. It should be remembered, 
too, that the true grazing capacity of our ranges 
in the virgin state is not known. 

A comprehensive re-evaluation of the status 
of our native vegetation grazing lands has not 
been made*, and without the factual data pro- 
vided by such a survey, the degree of range 
improvement since the 1930*s can only be postu- 
lated. Without doubt there has been a marked 
improvement in the condition of the range 
forage resource over almMt all of the range area 
during the last 30 years. This improvement has 
taken place despite the fact that livestock num- 
bers in the seventeen western states have in- 
creased substantuDy during this period. This b 
not to imply that all range has improved in con- 
dition. There are acreages of both pubhc and 
pn vate rangeland that are still deteriorating and 
certainly very little of the rangelands of the west 
W'ould be considered to be in excellent condition. 
Renner® has estimated that forage production 
on western ranges can be increased by 150 to 
300 percent Such an increase could not be at- 
tained by a stabilization of our range capabilities 

*rUn« for X BAlKXivtile public rongetAods approiiA] oie 
nxife. See Sccutc Dooonent 1J9. S7lb Con^mA.2E,d 
maon, W oafungtoo. D C., 1962. 

•F. C. Benner. “Tbe Ftiture of Our Ranje Reiouitci," 
/ownuii of Konge Mono^pment, 7, I9S4, pp. SS-5C, 


at their present level. Rather an all-out effort 
at range improvement must be made toadueve 
tile goal of more than doubling production from 
our Qatuial grazing lands. There should not be 
many acres of range remaining in critical con- 
dition by the end of the next decade, but the 
problems of improving deteriorated grassland 
and forested ranges will be with us for a long 
time. 

It seems unlikely that there wiD be much addi- 
tion of land to the grazing resource of the west- 
ern states in the raming years. Neither is there 
likely to be mudi diversion of present grazing 
land in thb area to other uses. The major possi- 
bility for increased grazing capaci^ of western 
ranges Ues in better management of our present 
range resourev. The primary approach to im- 
provement b throu^ the adjustment of range 
stocl^g to the eap^ilities of the vegetation to 
relation to (1) mtensity of use, (2) season of use, 
and (3) uniformity of use. Coupled with care- 
ful grazing management must be Che physical 
improvements involved in erosion control water 
developiTjcnt, reseeding, control of nodous and 
poisonous plants, and fencing. The magnitude 
of the improvement task b indicated by the data 
obtained from the National Inventory of Soil 
and Water Conservation Needs. Of the 417 mil- 
lion acres of privately owned range in the w esf- 
em states abwt 307 million acres (75 percent) 
are in need of conservation treatment. Erosion 
b a probletn of 217 milhon acres; 46 million 
acres need reseeding; improvement of plant 
cover by means other than general reseeclingw 
needed on another 84 million acres; better regu- 
latxin of stocking to prevent overgrazmg « 
needed on 157 millioa acres; control of noxious 
woody plants is needed on 53 tnilhon acres 

PRlNaPLES A.ND METHODS IN 
GRASSLAND RESTOR-VnON 

Pfani Succeriian. Crazmg introduces a fac- 
tor that greatly alters and modifies the competi- 
tive relations of species in the grassland complex 
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Defoliation generally results in reducing the car- 
bohydrate reserve needed for the formation of 
new growth of roots and lops. Crasslandspecies 
are tolerant of certain degrees of grazing, for 
grasslands and grazing animals followed the long 
path of evolution together, but excessive graz- 
ing, resulting in repeated defoliation, wiU greatly 
reduce the vigor of the plants and the herbage 
yields and finally result in death. 

The grazing by UvestocV or game animak on 
grassland containing a mixture of species is 
seldom, if ever, uniform either in relation to 
geographical distribution of grantig, Ume of 
grazing, degree of graring, or species utilized. 
Usually the most palatable and most desirable 
species suffer the greatest grazing pressure and 
are the most likely to be s^ously weakened or 
even eliminated from the cover. Thus differen- 
tial grazing may result in the reduction of one or 
more of the more valuable species, whereas on- 
desizable species, such as weeds or poisonous 
plants, may gain the advantage over the other 
species. These compedtive relations have been 
utilized 05 the basis of classifying plants into 
three groups, according to their reaction to con- 
tinued grazing pressure: (1) decreasers, (2) in- 
creasers, and (3) invaders. Under continuous 
overgrazing, the most desirable forage plants 
may decrease rapidly, whereas undesiraWe and 
unimportant kinds that are already present m 
the area, or that may invade, increase rapidly. 
Under moderate or no graang. the reverse proc- 
esses may take place, but if overgrazing has 
continued for a long time, recovery wiD require 
a long time. 

The determination of the competitive rela- 
tion of plants under grazing fa properly an 
important field of study in the ecology and man- 
agement of ranges and pastures, bluch informa- 
tion on the general trends of plant succession 
under grazing in range and pasture grasslands b 
now available, but many of the intricate rela- 
tionships of individual species to associated 
species and to environmental conditions remain 
to be determined. 


Uttitge Condiiion. In the management of 
natural grasslands, it is important to determine 
the condition (succession^ status) and trend 
(cfirection of Successional change) of the vegeta- 
tion in each area being grazed. Management 
and stocking recommendations are based on the 
condition or successional status of the vegeta- 
tion and, where trend can be determined, on the 
apparent direction of the successional processes 
currently Ukmg place on the range area. Forage 
production and conservation values parallel 
rather dosely the condition status of the vege- 
tation. 

A range-condition classification essentially 
represents a statement of the degree of depar- 
ture of the e.nshng vegetation from the potential 
climax or near climax vegetation possible for 
that site. It also represents an approdmate state- 
ment of the grazing value of the vegetaboo and 
the extent of improvement possible as succes- 
sional processes advance under proper manage- 
ment. In order to determine range condition, a 
thorough knowledge of the present vegetation 
as well as the potential climax vegetation is es- 
seiiUaL The coroposibon and productivity of 
dimas vegetation can be learned only by careful 
study of "rehet” areas or remnants of the climax 
vegetation that have survived from earher days; 
such areas are invaluable for determining the 
reblive positions of decreasers and increasers in 
dimax or near climax vegetation on many dif- 
ferent dies As these rehet areas ore discovered 
throughoi^ the grassland area, their locabon and 
a careful descripbon of the vegetation should be 
permanently recorded. Every effort should be 
made to preserve these relicts for future study 
and c^rservation. 

Range trend in many ways fa more difficult to 
determine than range condition. Differences 
in r^faS from year to year or differences in 
gazing use may reverse the trend from one year 
to the next. Long-range trend-s either upward or 
downward will evenhially show themselves in 
the cottdtbon status of the range. The condition 
status wfll change more slowly than will the 
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trend. In fact, it is possible for the current trend 
on a range to be downward w hde the conditioa 
status is improving. The interpretation of trend 
factors is thus very dilEcult. To arrive at a souimI 
interpretation of trend and to detect relatively 
small changes in condition, it is necessary to 
observe small, permanently marked sample 
areas of the vegetation from year to year. Sudi 
observations will give answers to many ques- 
tions, such as: Wliat is the condihon of the fdants 
this year compared to pren'ous years? (Best 
measured by hei^t and area of plarit clumps.) 
Are the most desirable forage plants increasiiig 
or decreasing? Are the less desirable forage 
plants increasing or decreasing? Are new plants 
invadmg and are they desirable or undesirable? 
This procedure requires but Lttle time each 
year. It may be considered as taking annual io« 
ventory of the dhief resource of the randi — the 
grassland. The range condition survey and the 
estimate of trend appLed to the specific grazing 
operation ere the primary tools for ai^usting 
grazing tee to the capability of the vegetation. 

/leieeding. Natu^ revegetatioa thiou^ 
plant succession is the chief means used by the 
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grassland manager to improve the range. Re- 
seechn^ however, may speed the process of im- 
provement in many suitable areas (Fig. 4). A 
great amount of rKearch has been accomplished 
in determining areas that wiD warrant reseed- 
ing, the species of plants to use, soil conditions 
th^ favor reseedmg. and costs and returns from 
seedmg efforts. Thousands of plant species have 
been tested to determine their adaptabilily for 
use on specific sites throughout the range area. 
Crested ohealgrass has been espedalJy out- 
standing because of its wide adaptability over 
much of the range region and because of the 
relatively hi^ degree of success obtained in 
securing satisfactoiy stands, kfany mfilions of 
acres have been reseeded with this grass. 

New methods of collecting, threshing, and 
preparing seeds of native grasses for seeding 
have been developed. Me^ods of preparing 
seedbeds and redudng undesirable plant cooi' 
petition on rangelands to be reseeded have been 
refined and new implements and methods de- 
veloped. Brush<boppers and special due plows 
have 0veD eaceHent results for preseeding treat- 
ments in range areas where they can be used. 
Bunung has been found to be especially effec- 
tive in the Intermountain area for the renwal 
of sagebrush prior to reseeding. Specialized 
machinery for the actual seedmg operation has 
been developed — mainly various kinds of heavy- 
duty drills with precise seed-Bow equipment- 
Airplanes have h^s used to brosdaut peDets 
containing grass seed on ranges, such reseeding 
has been largely unsabs^ctory. 

The introduction of new species and strains 
has CDQtributed peatly to the potential produce 
tivity of reseeded ranges. Some of these species 
and strains are the rwulf of introduction from 
foreign countries. Many of them have been de- 
««bped and unproved from both native and 
introduced sources by grass breeders working 
m many sections of the grassland area. The Woe- 
stems, panic-grasses, lovegrasscs. bromes, rve- 
passes, gramas, bluegrasses, neetflegrasses. and 
wheafgrasses have all provided eicellcnt mate- 
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tial ft«t has b«n taprovad by “ ^ 

brading. SupcHor strains of many of the gtnnP 
have been toeloped mid give ptombe rf h^ 
proved forage production, gteater hardiness, or 
aiLplabiity for special uses. 

ll^aw many’acres of depleted nnge 0 e 
seventeen sseslern states might be praBubly 
reseeded is not really known. Estimate, h 
tanged from as low as 50 million acres to as^ 
as 125 million acres. Perhaps imder emstm^com 

ditions. and taking into account the mdhons o 

acres that have already been reserfed i^tte 
other mdlions of acres that have been 
up. an estimate of 55 million acre. m'Sh' 
sonaWe. It should be bom= to mmd tl.at t^ 
lug costs ate reblively high to te^ of « 
gcnerolly low prodoctivc capacity “ 

Sm rangelan*. Shifting vJues and ia»d 

pressures csiidd make it possible to t”™ 

tomlse areas on whid, the ^ 

from grazing at the present btne 

jmUfy die cost of die reseeding 

actui rate of reseeding on our depleted range- 


Unds u-ai probably 

through the next decade or so. althou^ we haw 
Ihe equipment, plant material, and 
10 acWew a major reseeding job, were Is fead 

*^*Olhe'^/"'/>«>«-emenl flfeoiurei. An impor- 
tant phase of range Improvement les in the 
control of undesirable plant species, particularly 
brush and smaU trees, which severely restrict 
the pioduftion of palatable forage on « 

aaes of our western and southern ranges (Fig. 

6) Thecontrulofbrushyinradersisalsoaprob- 

Ifo, on Hawaiian ranges. There U 
hmit to the actual amount of control work tha 
can be done, and certainly control of undesira- 
ble plant species on our ranges will U no onw 
over^b. Tlie lhi« major brush problems at the 
^nt time seem to be with mcsquite and 
rSLrs In Texas and the Southwest. 

in the Mountain slates (Fig. 7). Pbtl 

B li»«, "f"* C»>trol-Somc PtwM.tiet 
^ M-«6c~nl. Vol. U. 

lara. pp. w-M. 
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estimates that sagebrush Is a problem on 87 nd- 
lion acres, mesqjiite on 63 miUion acrw, and 
junipers on nearly million acres. Contrrd 
methods involve burning, chemical treatments, 
chaining, gnibbing, dozing, chopping, root- 
plowing, and Olliers. Production of grasses is 
substantially increased following bm^ removal, 
but returns are not always economical, and the 
rate at which brush control is achieved wiH be 
largely governed hy economic considerabons. 

Water spreading is an effective way of Im- 
proiing range production, hut its application 
depends on a suitable supply of surface water, 
an adaptable terrain, and Uie constnictioit of 
sj-stems of dikes and dams of varying com- 
plexity. Water spreading b being developed as 
rapidly as possible in diose areas where the 
practice b economical. *nie actual number of 
acres to which the practice b apphed b smaO, 
however. 

Range fertilization offers considerable prom- 
be for increased production in the less arid por- 
tions of the range region. Nitrogen fertilizer has 
produced excellent retuins on portions of the 
northern plains. Phosphorus and nitrogen have 
been used effectively on mountain meadows. 
Responses to sulfur and to nitrogen have been 
obtained on the California annual ranges. Hie 
importance that fertjL'zen may have inimprov- 
ing western grasslands is only now being eval- 
uated cxpetimenlally. 

Rodent control is important in many areas, 
particularly gophers, prairie dogs, and kangaroo 
rats. IDevelopments for stock water, construc- 
bon of fences, and building of access roads are 
improvement measures, because they promote 
more efficient utilization of the range forage 

crop. 

range RESEARai 

Much of the improvement that has taken 
place in our ranges can be directly attributed to 
research in grasdand and range problems. If 
further improvement of our grasslands resource 


is to be achieved during the next quarter cen- 
tuty, thb research activity must be condnued 
and expanded. Scientific range research had its 
bepnnings in the Forest Service as early as 
1607. Today the range management research 
program of the Forest Service is comprehend ve- 
il includes the marugement and improvement 
of livestock and big game ranges; the relation- 
sh^ of range to timber production, to water- 
shed values, and to rodents and insects; the 
study of the ecology, phy'siology, and productiv- 
ity of important range plants; techniques to use 
in measuring aod evaluating range condition and 
trend: and control of undesirable plants on the 
range. Thb research is conducted chieBy at four 
re^onal experiment stations; the Pacific North- 
west Station at Portland, Oregon; the Pacific 
Southwest Stabon at Berkeley; the Intennoun- 
lain Station at Ogden, Utah; and the Rocky 
Mountain Station at Fort CoUins, Colorado. A 
number of field research centers with experi- 
mental ranges are distributed in ei^t of the 
western mountain states. In addition, important 
research on southern ranges b being conducted 
by the Forest Experiment Station at New Or- 
leans. Louisiana, and the Central States Station 
at Columbia. Missouri. 

The Forage and Range Section of the Agri- 
cullural Research Service, U.S. Department of 
Agriculture, b continuing grassland and range 
researdi work at the Northern Great Plains 
Field Station, Mandan, North Dakota, and (he 
Southern Great trains Field Station at Wood- 
ward. Oklahoma. Range research at these sta- 
tions had an early beginning under scientists of 
the <dd Bureau of Plant Industry (USDA). In 
addition, thb agency now has charge of the 
range research at tl^ Jornado Field Station in 
southern New Menco. the Santa Rita Station in 
southern Arizona, the Central Great Plains Sta- 
tion at Nunn, Colorado, and the United States 
Range U^estock Experiment Station at Miles 
City. Montana Much additional ivork b being 
done in coUaboratlon with state agricultural ex- 
periment stations and forest and range expert- 
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menl stations of the Forest Service. The S(^and 
\\'ater Conservation Research Division of Ibis 
agency is also conducting a number of funda- 
mental research studies of direct importance to 
the management of the western rangelands. 

The Bureau of Sport Fisheries and \\lldhfe 
of the Fish and Wildlife Service, U.S. Depart- 
ment of the Interior, is conducting investiga- 
tions on basic conditions that control rodent, 
rabbit, and predator numbers on western public 
land ranges. Expanded studies on pestiddes- 
wildhfe relations have been begun this 
Bureau. The Bureau has also entered into a auro- 
ber of cooperative range research projects with 
other agencies and some western agricultural 
experiment stations. Major emphasis in these 
studies has been on economic considerations in 
the use of rangelands. Special atteotiao has also 
been ^ven by this Bureau to the problems of 
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rehabilitation of pinon pine-juniper Infested 
ranges. 

During the period 1935-1952, the Soil Con- 
servation Service was conducting soil and mois- 
hire conservation research at a series of erosion- 
control experiment stations. In November 1952, 
authority for this work was transferred to the 
Agncuftural Research Service. Particular em- 
phasis has been placed on measures aSecting 
runoff and sedimentation. The effect of various 
managerial and structural practices on moisture 
infiltration, soil stabilization, and forage produc- 
tion was studied. The Sod Conservatioa Service 
now tiarismits a list of its research needs to the 
Agricultural Research Service. It also maintains 
dose liaison with slate agricultural experiment 
stations and carries out numerous field trials and 
tests. 

TTie state agricultural univerrities and cd- 
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leges and the associated agricidttiral eiperiment 
stations have done much woik on grassland, 
range, graidng. an<l animal nutrition that has 
contnlnited greatly to our knowledge of how to 
use natural and seeded gearing lands mote effi- 
denlly in the production of liv’cslock products. 
Practically all eiperiment stations in the range 
area have projects rebting directly to the man- 
agcmcDt and improvement of natural range- 
lands. 

Many of the detailed studies of the floristic 
composition and productivity of our grasslands 
have ori^nated ia state a^fculturd coHeget. 
universities, and eiperiment stations. Mudi of 
the ecological knowledge that provides ihepes* 
ent basis for the science of range management 
has come from these studies. Studies of this type 
are still being made on many grassland areas 

(ng. 8). 

Important ph^cs of the many grasslandprob- 
Iems that are currently receiving much attentioa 


in state agricul ttiral experiment sta lions include: 
value and management of supplementary tame 
grass postures, breeding and selection of im- 
proved forage grasses and legumes. sCrain test- 
big arxl adaptation evaluation, factors affecting 
forage rpiality and nutritive t-alue, control of 
noxious and poisonovis plants, role of minor 
elements in l»lh pbnt and animal nutrition, 
range livestock nutrition as rebted to grazing 
and feedmg practices, the influence of fei^zers 
on forage composition and production and on 
the floristic composition of natural grasslands, 
competition and interaction betiveen game and 
livestock popubtions on ranges, stocking rates 
of both dranestic livestock and big game as they 
affect composition and productivity of natural 
grassbnds, the ecological basis of range condi- 
tion ckusificaUon, proper utilization of impor- 
tant native range spedes, economic factors fn 
rangeland use and in ranching operations, and 
many others. 
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CHAPTER 9 

The Land We Possess 


nt *v.lopn™t ot agricxltwe In 
State ta lien matfeJ by m 
over . rich Und «■«>““ 

.tetcM teploiteicn o( the 

oltetIc»Zin.litt!cmor«ri.a.two««^«. 

advanced across the mountains an ^ 

.cte< the loteU and the ptataw and 
tteppe tods and the deserts Iron, 
seaboard to the Pacific. Progrte was ^ 

or uniform but svas characterized W ^ 

rapid movement altematlns 'tog 
consolidating the farmlands tequisit oned bto 
suture m,d L aborigines. Chanp .n t^E^i 
cdtural scene have refiected Ctol 

srsentifio advancement, the sKdldyrng^'^ 
depression, the uneasy peace betwe en 
ratolysm of war itself, and 
opportunities of the postwar pen 
ment. Bridf, during the K""” 
economy of the natron was agarn drstmbed try 

Agncidture in the United Stees 
as an fodus^ rmd ru a way ^ end 

a variety of conditions. In the uui^ .-ried- 
conservation ot the land resourcs ^ 
tural prospect is linhed ineatricably 


1. The trends and changing character of the 

'"iTemea of tod .vmlable. its productivity, 
arrf' IB suiubJity for the various purposes for 

” tvel of living, both of the farm popu- 

la, ton and the nonlarm fopulation who pur- 

culture 

ersiic TRENDS AND CHANGING 

SASEri-.FTl.uroPUUIT.ON 

Tte aerieultoral situation at any partionlar 
Hme b cSely attuned to the general economic 
nme b elos T yg, economy 

“Ifrlv: to ta* tori-”8' “■* '“S''™, 

“bmSs in eondirions NVhen the n.riona! 
changes of prosperity, agn- 

adjustment ,^y 

Srs^^tedechnedmondrsbeioreltwas^^ 
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fleeted in a lowering of the cost of living or be- 
fore the decline in emptojinent or in wages. 
Faun prices rose again in 1950, but at the con- 
clusion of active warfare in Korea in 1953, the 
prices received by farmers declined sharply, yet 
the prices they paid remained high or dedined 
only slightly. At the begirming of the decade of 
the 1960*5 the prices received by farmers aver- 
aged approrimately 6 percent below the prices 
receiv^ 10 yean before. In the same 10-year 
period the prices paid by fanners increased 17 
percent. AO unportant features of the nation's 
economy may not move forward simultane- 
ously. but the general level of prosperity and 
economic progress has an important bearing on 
the agriculture industry and the farm popula- 

tiOIL 

The total number of people of aQ ages that 
collectively makes up the population constitutes 
a large domestic market. Fhe high standard of 
living and particularly the desire on die part 
of the people Co improve their f/viag conditions 
make the American market almost tmequaled 
from the standpoint of its capacity to eousume 
the products of agriculture and industry. 

Not only has the number of people increased 
steadily, but also there have bmn internal 
changes of major importance in the populatiou. 
The birth rate has displayed significant fluctua- 
tions; the death rate has deefined steadily; and 
the national policy in respect to immigration has 
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been subject to important changes. Advances in 
medicine and nutrition have added greatly to 
the life expectancy of the people. 

The population of the United States, sub- 
jected to these internal changes over a long 
period of time, on progressively new 

characteristics that must be examined critically 
hotn time to time so that agriculture and other 
economic activities can be adjusted to the new 
situation. 

The Population Protpea. The population of 
the United States can be predicted for a few 
decades in the future with greater certainty than 
any other factor affecting American agriculture. 
His hi^ degree of certainty is related to the 
fact that a very hi^ proportion of the people 
now living will be counted by the census taker 
in 1970 and ] 980- The birth rate, the death rate, 
and the net increase in the population can be 
predicted with great accuracy from ^ear toj'ear. 
The factors rbar may be of major importance to 
the bng-raoge forecast of the total population 
indode a elmge in the birth rate, the effect of 
epidemics on the death rate, a bog war, and 
the policy of the federal govenunent in respect 
to immigration (Table 1). 

The most stable of tb« three [acton is the 
death rale. Birth rates, althou^ variable bum 
year to year, can be Forecast for relatively short 
periods with sufficient accuracy to meet the 
needs of the school authorities and others in- 


Xibic 1, Popoktioa Forvouu. 1963-19B6 



Sfiglilfy Oechning 
MortoLty vtth 
Immigration' 

itopttfljr DeHutmg 
Morfality icuh 
Immigrafum' 

CDTutonr 3/ortaii/y 
icirh fmmigrafion" 

Shghlly Dcehmng 

iloriality Xc .'rt 
Immignjtian 

1963~19ft4 

1S9273.000 

189278,000 

189278.000 

IS9278.000 

1967-1963 

200212,000 

200,414200 

1992^,000 

193.923.000 

1972-1973 

3I5.409.COO 

21&07S200 

21-C665.000 

212202.009 

1977-1978 

ZT3;rsj3oa 

234.739200 

232,404,000 

227298,000 

1933-1^3 

253200.000 

235AS%000 

232,019000 

245.873.000 

I9SS-1SS6 

26S222.000 

2e9,2?9200 

264277,000 

257.112.000 


* Assum«v coQsUnt annual iKt ujumgrvOoD of SOOPOO. 


|Sourt«: Bumu of tbo Oosm, Pbptiliincn Esfvnata, SenB 
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,e..,ttd to the nttotbcr ot chilten to the po^' 

kBon under 5 yenn of »|e. There >' I'“ ^ 

tetoty about the number of unm.grm.ts 

be aLlted to *Is eouotry from 

After 1945 the raWcdve regolahous and oto 

aecbs .vere retoed and Ineretutog niunboB 

te been adm.ded to this 

neoole are eommitted to a pohey of Selecl.on 

STtlquentabsorpaonofthei.™.^.^ 

so that a degree of homogene.ty >ea..to 
;nZ^ly to respeto » an a.titode to'^ 
American pohfical tosUtuhorn ^^0 

In the middle 1930'a, whet, tl.e ^ 

birth mte and the great redueuon m 

bonl»eame l.np.rtmt faetminfm ^ 

future population, there was ^ 
toe mXJt toe t=tee«« '“’t; iSS 
or even a declining population . 

hence. Mud. of this despdr ■. “ 

population was not dispelled by 
birth rate of the 1940 s. viu-ia War I 

n. Birth Bo... Sltodly Jf'!' „ 

toe hlito rate to toe Unit^ “eS^toIhe 
almost steady decline con ^ending 
middle 1930’s (Table 2). T^ 
over a period of ne^ly J ^ _ who were 
despair of demographers an t,jto,n of the 
Jeemed about the 
nation. The lowest rales came in 
1933-1936 when unemployment ^ 
and the marriage rale was 5„ 0.e 

Beginning in 1937, J improved 

birth rate .vUdrsvas related patuy i" ^ 

economie oindtUons. Tl.e p^ngneople 

E,„p. may have loS.umced mme^^S^ 
to tale on fmnily t'>P»“‘“'y d «» 

Service Act of 1940 and P for 

prodneed emotional In- 

both the marriage rate an , relativdy 

emased. The hh* to IW 

high during the war pen . 1944 and 

uL there was a slight 
1945 many young men were con- 

tlieit families, and a decline was 
sequence. 


W.U.- V Hint, B.le and n-'h ”*“■ W2(l-m2 


Dale 


Per 1000 Esli iiuitfd Ftiprifatton 
Birth Rate 


1933 

1930 

193.5 

1910 

1913 

1950 

1935 

19G0 

1961 

1962 


23.7 

21.3 

18.9 

169 

179 

195 


23 7' 
233 


13.0 

11.7 


,L P.«r4 S-.... !»»■ 1!« I 

The rntmn of toousands, fodeed toUioos, of 
men to their homes and families was fob 
n by an increase in the mait^ge rate^ 
.u^rth rate In 1946 the number of bU^ 
^Seto?a toui ot 3488.672. toe first time that 

exceeded toreemilhou to. sfni. 

erf iVie uDtum of the tdrth rate in the 
btfS’s “«> toe 1840’s .dong with toe 

to offset other unfavorable factors and give re- 

"■^ghlSrStoeT^Potoonofclddren 

“js'r t toe rhi° 

s^?,r,?o:tei^xtotoe’r.”f%. 

SKyward migration has been a lo”S->™,'’ 
^iTmovit in tols co»^ By 1^ 
movement the popel*"” “ ^ 
S has gmwn. and to. fum populaUon has 
been held in balance. 
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In an agricultural community the wife is 
essential to the success of the fann operattoos. 
Her contribution b not that of a wage earner 
but of a helpmate who shares the work respond- 
bility and rears the family. In the rural area. 
althcKi^ children ctHisHtute an important cost, 
they ate also a valuable asset and at an early 
can tnake a contribution to the farm income hy 
helping regularly with the daily chores about the 
farm and during the vacations may help with the 
more important farm duties. Children, particu- 
larly boys of 12 to 15 years of age, may handle 
certain farm machinery, such as a small tractor, 
with great skill and may save their father the 
cost of a hired hand. 

In the rural areas the farm produces a large 
proportion of the food consumed by the family. 
Self-sufBdcncy or self-support Is a dgnificant 
kitwK of ffef film fcoaomy. la the city, par- 
ticularly in the larger urban communities, chil- 
dren axe unable to make a major contribution to 
their own support unless the father is engaged 
in a business where his chddcen may help. On 
the farm the diildren are an asset, but in the 
urban community they are a financial liability. 
Because of this difference In the birth rate in 
dties and rural areas the fazm Emilies are re- 
sponsible in a measure for the maintenance and 
the continued growth of the urban populatjco. 

The Death Rate. It is not likely that death 
rale can be reduced much more. In fact it may 
be expected to increase sli^tly as the popula- 
tion is made up of proportionally more old peo- 
ple whose life expectancy decreases rapidly in 
the later years. 

The lowering of the death rate has increased 
the number of people in the over-65 group. In 
1920 fewer than 9,000,000 people m the general 
population were 65 or over. In 1963 the number 
was more than 17,000,000.* This older group in 
the general population still require bousing, 
have an interest in the availability and cost cf 
nursing homes and hospital service. They gen- 

lA Ptcuv to Lice, The Yearbook of Agrifulfurr 196% 
CovcfiUDCiit Frioting Office, ^^A&hingtctD, D C., 196% p.6S. 


eiaDy have reduced desires for food, clothing, 
transportation, and espensive housing The 
drain on natural resources continues but at a 
reduced rate. 

The reduction of the farm population, the 
seler^ve migration to the cities, and the em- 
ployment of younger people in occupations 
other than farming have left many older people 
in the rural areas. In 1930 only 11.1 percent of 
the fanners were 65 or over, but by I960 the 
percentage had increased to 16.8. These older 
people who hve on the land may take some pride 
in keeping up the family home and they may be 
able to produce some of their food. But like 
other people in the over-65 group they are con- 
cerned about their ultimate economic welfare 
and the av-ailability and cost of hosjntal and 
medical service. 

Farm Fapulation. The firm paptilsHeih 
ooce a vigorous componeDt of the total popula- 
tion, is feeling the impact of a number of coodi- 
tiotu that lend to lessen the attractiveness of 
farm ^e. The modernization of the farm home 
with inside plumbing and electricity has 
b^tened the burden of the housewife. Alechan- 
izatioD of agriculture and good roads have made 
farming an integral part of the national 
economy. In balancing the factors that tend to 
bold people of the land a gains t the attractions 
of urban life, the dedining farm population re- 
flect; the relative advantages, real or imagined, 
in the urban areas of the country. 

According to the old definition used to ideri- 
tify and enumerate the farm population, the 
numbers shown in the last five decennial enu- 
merations are ^ven below. 

Year MilLon Year Million 

1910 32.1 1940 305 

1920 31.6 1950 23 3 

1930 30.4 I960 13-4 

These data show that the farm population has 
remained steadfastly attached to the land until 
rcceu^ when the forces related to urban living 
h®ve strengthened the movement of people 
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the population lived on ^ /TaWe 3) 

prSn had declined to 7.5 P««"; 

Under the new definition y 

of the Census the farm populate 

employment on *e occopaUons 

recreational centers, o „-nr,le mav b« 

other than tanning. Many f™ p P f 
eW aa part-time 
nomically advantageooa to danve tn 
from more than t_ i960, the 

TJ.e Non/nnn roil- 

Bnreau of the Census of these 

lion people, but fewer nonfarm people 

lived on farms. ^‘“'1' ^ ^ l^a^lets «-ith « 

lived in towns. v.»,,fants In these 

popuUtion ot unde, SS® f .ho 

small inhabited places m . . .ctisalics 

escape ctelSeation as urb»,l«^«»^^^ „„ 

may he very sim^ to pf^,tessional 

in L larger “t*" “‘’'“ ..“‘Kem.'”"'' 

people snch as t^hem oceopaSons 

makers, and others “f ”"5 jjve in cities. 

liveinhomesnotunlikethoi^h trading or 

In lb"' >”“","”“’^5^,^ carded on as they 

merchandising functions 

am in the larger ‘“gT j.lasstly ih~ 

Many other occupah Py„i5„ may bnk 

people as nonfarm. c ^ 

them with agnculture. ^ hatcheries, 

small uact of land to farm* 

provide a dusting and . rtke c«s- 

L and orchardists. many ^ 

tom harvesting including . , j^ng plant, 

insunmce, opente “^.SloscWr^ted 
and many other j j ^rops and bvestoA 
to the principal li-ds. 

produced on the the rural popu* 

UorStfmJl 


T.«,a.T..d.Itoml..»ir.rmP"P”'-"“ 

nflbcVnited glatm 



• D4l» fteni Ai«U »"J 
is-m i9m&.».c/ae~v''" "' 

^^4| 

habitants. “ '':::s„^ba"mrrf 

to.-a.d eventtdi ^ *4mclal and 

-:r.ltir.rrittvea 

STng Ihe prodn^vlty ol *0^4 
S.h1dXmro'.mcr:S.?.ait.c.,i.J 
^ as tavimming poob anti pmme J 

S‘ihepres.r»dononmm^J«»;M^^^^^^ 

Sii'n ™d“prO,... Ore imd resonre. 
.romdetedoraOnn^d^^ 

,„"rd;:;lm.'’ddyn.ndc.nd 
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growing population provides an erpanding oiar- 
Vet for agricultural products. “Prior to the Civil 
War the population of the nation, and doubOess 
its consumptioo of farm products, increased a 
third each ten years. After the Civil War the rate 
of inCTease lessened, unbi during the World 
War 1 decade, and the decade of urban pros- 
perity that followed, the increase was less than 
one-sixth each ten years.” * 

As the population changes in respect to num- 
bers, age distribution, and other important 
characteristics, it is dear that a^culture will be 
affected. An increasing number of young chil- 
dren in the population requires in due course an 
expansion of school facilities bom the Hoder- 
gaiten to the university. Agriculture will be 
called Dpon to preside its share of the products 
required to meet the needs and wants of this 
productive group. 

LAM) RESOURCES 

The United States as a lutioa contains within 
its national boundaries 2271 million acres of 
land or 6.9 percent of the land area of the world. 
Only the Soilet Union, China, and Canada are 
larger. The 3.615.211 square miles which male 
up the area of the Efty states and the District of 
Columbia contain, in addition to the 2271 mil- 
lion acres of land, 42-2 million acres classed as 
inland water areas including lakes, reservoirs, 
rivers, canals, and coastal waters such as estu- 
aries, bays, sounds, and lagoons. Ibe land re- 
sources distributed widely across the natfon 
differ greatly, depending on (dimatic conditions 
such as the length of the growing season, the 
amount of precipitation, the reUef of the land, 
the character of the soil, and the nature of (be 
vegetation- Under natural conditions the quali- 
ties of the land devebped over a long mterval (ff 
time but during the period of settlement, human 
use has altered locally the physical character of 
the land resource (Fig. 1). 

r O. E. Bakvr, "^gnificanfe of FofmUboo Tronds to Asm-- 
icfta A^ncultun.** The ilHbarJi Stfm^riot EothI Quarlrr^, 
VoL 23, 1937, pp. 121-131. 


In the early seventeenth century when the 
first settlers were establishing their homes on 
the Atlantic seaboard, the natural cover of this 
thinly occupied land consisted of the following 
categories of vegetation. 


Forest and woodland 
Grassland 
Desert shrub 
Tundra 


hlilhon 

Acres Percent 
1065 47 

726 32 

266 12 

214 9 


After 350 or more years of settlement, clear- 
big, agricultural readjustment, and economic 
development the categories of cover or land use 
show some strildng dianges. 

Million 

Acres 

Cmpland 45S 

Grassland pasture and 
range 633 

Forest and woodland 
(ex^udtng reserved 
forest areas) 746 

Special use areas 157 

Miscellaneous other 
land (induding 214 
million acres of tundra) 277 
It required the clearing of 320 milhon acres of 
viigin forest and woodland and the pbwing np 
or breaking the sod of millions of acres of grass- 
land to create the cropland of 458 million acres. 
Some of the land converted earlier to cropland 
has been returaed to woodland or to permanent 
pasture or has been taken over for other uses. 
The areal expansion of urban commumtics, the 
building of highways, railroads, and airports, 
and the requisitioning of large areas for the de- 
fense of the nation have wrought significant 
sbanges in the use of the land. The discerning 
ifeerver can note readily the changes that are 
continually tatang place. On an abandoned farm 
the uncultivated fields may be invaded by 
w’ceds, grasses, shrubs, and trees if a source of 


Percent 

20 

28 

33 

7 

12 





ttOPlANO AS K MIlCtNT OF THE TOTAl lAMD AREA, 1V59 
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liiglil)' >iiltKUe for eRrIciilliiriJ »ue, The cwncrf of llie ImimriRnt »plc«ll«t»l IrlenRle »ro cenlrrcd In North Dukula. Ohio, or 
loportent rmpUnd eirai can I* MnWidcd in llio IM. fa lh« Sooth, and to tlto U'ert. fAun-.u of |t» Crjmu ) 
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i, ne„l.y »d olher condiUons .« 
able. Some ol Ihe ar«B Uiat once 
n shnib have been converted into pailure ^ 
range by removal ol the shmbs and the planli^ 
o! pakmble grtrasea. A 'vild™^ ^ 

set aside as a game refuge, which P , 

leeted from despoliation by man. In 
progress it may be necessary to tale over In^ 
Sy cropland for developing a 'esidentrf 
mhnrb, an industrial community, or a nm 
municipal rdrport. H.ese »d ^ 

changes are continually taking pa . 

p„«ol the country Ihalshow econo, ruo^ 

In some areas where the 

forces are rather weak, changes or cr> 

not be easily identified. ' « the 

„e';rh:::;sXp.-r'"»^ 

hall, or wind make 11 “"'““"lihLrfs 

fairaertoreapalra^esl.lUheww ^ 

recur too frequently and “ ^ ,^nal 

coupled with continuing lo\ p On the dry 
crojand areas may be ^ 

frontier, land once cropped may 
*e grassland and range ^ time 

Trend, in I.md Ulld, 

of settlement until the early . ^ steadily 
century the areas cU«ed as rop^ ^ 

increased. Between 1900 ^ cropland 

90 million acres were adde significant 

area. This was the last 
areas were brought under 
the 1920’s the cropland ^ the levels 

stable. Farm prices had decline ^ 

attained during the period factor In 

surpluses hmi become rm “''•^r’J.'Src 
the marketi hut the prices wh»h “ ^ 

W h. pay for "f ■;”:7„l;e"S£m2S 
ment, clothing, and other 


hidi. Under these conditions U.e land m Uie 
cropland classification tended to become sta- 
bilbxd 


During the laWs when the wuntry ei^n- 
enced a serious depression the a^culwrd 
«ctor of the national economy was in serious 
SSe Many farmers were unable to continue 
their mortgage payments and tlie banks and 
other money-lending agencies foreclosed and 
!^uired tide to the land. Under the econonuc 
sSss of the times there was little incenbve to 
locwsc the croplaud The me m 
-lined from 480 million acres in 1930 to 40 ( 
JSmn acres In 1940. Tbe ccuummc stres^l 
the 1930‘s brou^t about a number of si^ 
inges in American agri^t^ Mai^ 
SSsSad depreciated In vjue became o 
soil erosion, depletion of the plant nutrients, mil 
for rSer reamns were withdrawn Imm the 
caTegory imd eon.erted to other m«. 
lilhe deide ot the IMO's cropland in- 
creased to 478 million acres. Ue “‘‘”"■•'^8 

Sol hlghee Pd'" <<" agrlailtnrd pmdu® 
Indthe iwndim; demand lor more food not only 

tote Ameriom. mmkel but to satisly dr^eed 
of our allies Induced the larmer to pul P"* 

eHort to eapand the cropland and to 

Alto 1950 and continuing into the 19W s the 

mea m cropland declined (Fig. 3}. In 10^^’ 
m™dTea was reported to be 458 nulhon 
SStdS.vrme.s'^f agriculnnal land are 
retained in the cropUnd category m spite ^ 
ih«r low productivity. Areas of low capability 
cannot be made to yield abundantly without the 
w«-nHihire of large sums for commercial fer 
*1 tice of farming techniques 
sAicli in the tong run arc beyond tlie means o 
te turner In spile of the fact drat large areas ol 
^ILd L sun used to agricultum. te 
S^best suited to Imming “k' «P 
mense area known as cropland. Anyone c _ 
wned about the land resources espeaally m 
Suon to their availability and ade^ty 
should be encouraged by the fact that p <■ 



M land in (arms and cropland harvested (or the 
United Sa'es; ia50-1959 



r~1 Total tend n terns 
I — 1 CfOptend harvested. 192S-1959; acres d 
crops harvested, IB80-1920 


Fit S TW land io (am« apd tie area m harvested «»ops 
begiD to trrel o« or deeUae to the bte IWO'. or eoHj 
1950'i rcdectsig lie high |m>Jiati*ity of the ■naHw area of 
Uod aod the high skate of the agrfctdtorJ popuUtixs. 
There appears to be Lttle reasoo (or eooeem aboot Ibe 
adr<]t>acv o( (hr land rrsooree to meet the oeeds (or had 
•ad fiber swrf the oesi several jrmrs. fEOTomic Bcsearcb 
Servire Mti Buiean of the Ccrmo.) 


tisitv of the Und remains lu^ and surphises a 
contouing threat whde the total populaBon in- 
creases and the area in cropland declines. There 
b no immediate danger tlal the land resources 
ss-jH be inadequate to meet the needs of the 
United Suies for food and fiber.* 


CoosCTvadOT of Natural Resources 
productivity of the land in crops re- 
flects the retention of lands of hi^ capabilit)- 
and the withdrawal of maipnal farms from pi^ 
duction. The application of fertilizers has 
a contnbutiDn toward increased yields. TM 
selection of high qnality seed, the use of inse<^ 
ddes and disease-controlling chemicals, ^ 
the practice of modem techiuques have made il 
posable to increase yields and at the same tune 
reduce the number of acres under cultivad^ 
Increased production in the 1920 s and 1 * 

was related in a large measure to the subslitu- 
Ikm of mechaiucal power for horses and mules. 
Land long needed and used for the production of 
food for horses and mules became available iat 
other crops. Half the increase in livestock airf 
crops is directly related to the mc<±amzationd 
agriculture. Increased yields per acre accounted 
for a third of the increase. In the 1940’s when 
mechanization was an achievement, less than a 
quarter of the increase in production can be 
ascribed to the continued substitution ^ 
mechanical power for horses and mules. Much 
of the gal" in production was related to ifr 
creased yields per acre, wiiich in him reflected 
the hi^er pikes that induced the fanners to put 
forth their best efforts to meet new production 
goals. In the ISSCTs the same factors were oj^ 
tive to increase still further farm output. Mech- 
anization is credited with nearly 20 percent o 
the increase. Somewhat less thm half the gw 
was derived from increased yields. The ^ 
creased contribution of livestock accounted or 
nearly a third of the gain in production. 

LAND i.s' FAK-MS. The BuTCau of the Census ^ 
used several definitions of a farm, so data from 
the decennial enumerations are not exactly 
parable. The acreage of land in farms in 1 
was 1123 million acres or about 3S million acres 
below the acreage reported for 19>1- 
5 and 6 million acres of this decrease was related 
to a change in the defiiution of a farm. The re- 
mainmg dedine included losses of farmlands to 
urban expansion, the construction of hi^"'*)'*' 
the building of factories and shopping centers m 
rural areas, and the expansion of nonfarm actm- 
lies onto land previously used for agncuIturaJ 
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Scant rainfall and extensive mountain syS' 
terns restrict tlie croplands In the West to local 
areas of adequate precipitation or with water 
for irrigation. Large areas In the Great Plains 
and in the Falouse country are classed as crop- 
land, but the practice of fallow farming reduces 
the area harvested each year (Fig. 7). The Puget 
Basin and the Willamette Valley of Oregon cany 
on agnculture without the benefit of irrigation. 
The areas where flie hipest proportion of the 
lands is in crops include the irrigated valleys of 
the Columbia and its tributaries, the Colorado 
and its tnbutaries, and the Centra Valley and 
coastal val]e)'s of California. 

JTie ffje of Fertilizer. The mamtcnance of 
the productivity of the soils of the United States 
and the upbuilding of soils that are low m plant 
nutrients require the appheabon of fertilizer 
materials. Because new lands seemed always to 
be available as the fronher of settlement moved 


across the country, the soil resources 'vere 
allowed to decime by erosion and leaching that 
insidiously reduced the physical base on which 
Ibe industry of agriculture was built Many 
fanners were slow to realize that their lands had 
depreciated in quality, and productivity could 
he maintained only by the applicabon of 
feitibzer. 

In comparison with the older agricultural 
areas of the world, fertilizer in the United States 
is relatively less important. In the period just 
before World War II, Europe and Asiareqins*^ 
"80 percent of the nitrogen, 70 percent of the 
{Aiosphates, and more than 80 percent of the 
potash used as fertilizer . . ^ In the old agn- 

cultural areas of Europe and Asia, high produc- 

’K D Jacob and F. W. Fartrr, Fendiier In WbfU 
Wbr /t Procndingr of Oie Twenty.S«ood Annual Mec^S 
rf the Nabonal Join* Committee on FertOoer Appbca*"' 


Tbr I jnd ^^'e PcKACst 


113 


tliity hat been maintained by the long* 
tonlinucd practice of supplying the (Ssent^ 
plant milricnts tlirniigh the application of min- 
eral ferlilizm. In the United States thefertSizer 
Industry his been expaiKling to meet llic needs 
of agriailture. During World War II one edihe 
Important contrilmting factors In attaining new 
liigh levels of agricultural production was the 
increased application of mineral fertilizer. In 
recent years the nitrogen needs of the nation 
have been met fry tlic importation of rutratcof 
soda from Chile, Uie expansion of the synlhetrc 
ammonia industry, die recovery of by-product 
ominonium sulfate, and the utilization of other 
nitrogen-containing substances. The large re- 
sources of phosphates and sulfur have been es- 
ploiteil to meet the needs for supcrpliosphale. 


Als<^ the loss of potash from Germany u-as offset 
by the development and expansion of a domes- 
lip Industry* in the Southwest. During World 
War II the production and use of fertilircrs 
attmned new levels, and agriculture under favor- 
alite ueatlicr conditions resjionded abundantly. 

Tlie geographical distribution of fertilizer 
consumption shows a reUtinnship to Iheregjoa-d 
rieficiencies of tlic soils, llie crops growm, and to 
the avBiIafrility of tiie fertilizer materials locally. 
For example, phosphates and sulfur arc pro- 
duced t^ilefly in the South, and tlie soils of die 
South rrvpiire the reptated application of fertil- 
izer for high prodiicIloM. Where soil depletion 
has not liccome serious, fertilkers remain of less 

* ttni^ p as. 
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importance lian in the older a^cultiiral 
of the east and die south Atlantic. 

Tlie increased use of fertilirers in the United 
States explains in large measure the continued 
high productivity of the land while erosioi 
diminished the quahty of the farmlands. In 1959 
nearly 20 million tons of commercial fertilizer 
were apphed on 133 million acres of faimland. 
an increase of 10 million acres over the area 
fertilized In 1954. Areas devoted to corn repre- 
sented 38.3 percent of the land fertilized, wheat 
represented 13.1 percent, hay and pasture JO.O 
percent, and cotton 6.4 percent. Many other 
crops receive commercial fcrtihzen in large 
amounts such as tobacco and the vegetable 
crops, but the total area is small when compared 
with the three or four major crops grown.* 

The Minor £femenis. In addition to nitrates, 
potash, and phosphates, which may be regarded 
as the great triumvirate of fertilizer minerals, 
lime Is of great importance, and a number of 
minor or trace elements are known to be essen- 
tial fn plant and animal nutrition. These minor 
elements include magnesium, manganese, bo- 
ron, iron, sulfur, copper, and zinc. Deficiencies 
of one or mote of these elements in the sods 
have been found to be responsible for abnor- 
malities in both plants and animals that fed on 
the s'egetation. IVhere the fanners are largely 
dependent on manures and other organic 
wastes, the deBdendes of these minor elemeots 
are less senous than in the areas where misem) 
fertilizers are used.*® 

CRAssiAND PASTURE A.VD R.A>CE. Originally 
32 percent of the land area of the United States 
was classed as grassland and conristed of im- 
mense tail-grass prairies of the Middle West and 

*Vrultil SlaU$ Ctnnu of AgrictJhtre 1939, A Cnphic 
Summary of Agncultural Retourem and Fjoduetion, SpedJ 
RrporU, Vol. V, Fart 6, Chapter 3, U.S. Department af Coaa 
merce, Covemmenf FimtiDg 0£ce, U'ashuigton, n.C., 196^ 
pp. 19-20. 

Matthew Droutoff, “The Use of Minor Elefoenls,” Scf- 
enre m Farming Tha Teorfioot of AgricvUur^ 1943-1917, 
Cosrmment Pnnting Office, SVashioglon. DC, 1917, pp 
5T7-SS2. reference on page S7S. 


Ibe shortgrass prairies of the Great Plains and 
other areas in the West. Locally along the Gulf 
of Mexico coastal prairies can be included tvith 
the grasslands. In the long process of converting 
the land area into cropland large areas of grass- 
bnd remain in grass. The Census of Agriculture 
for 1959 showed that 28 percent of the land area 
of the nation is grassland pasture and range. 
Woodland pastures particularly in the South 
and W'est are utilized for livestock and make a 
significant contribution to the grassland re- 
sources of the coimtry. (For a fuller treatment 
of the grassland resources see Chapter 8.) 

FOREST AND WOODLAND AREAS, ^\’hen the 
United States was first settled, 1065 million 
acres or 47 percent of the land consisted of forest 
and woodland. In the process of settlement 
clearing the land for agriculture reduced the 
forest and woodland to 33 percent of the area 
excluding reserved forest lands. Lumbering in 
the virpn forests followed by repeated harvest- 
ing of second-growth timber has reduced the 
quality of the timber resources of the country- 
Cutover land where the remaining trees have 
been reduced to less than 10 percent of the 
original stand is classed as woodland if the land 
has not been converted to other uses. Areas that 
have been planted to trees (afforestation) are 
also ifiduded in the forest and woodland cate- 
gory. Most of the land now classed as cropland 
resulted from the cleanng of immense areas of 
wbat was originally forest land or the plo«mg 
up of die fertile prairies of the Middle West. 

Major tracts of forested land have been set 
aside as national forests, state forests, and 
publically owned woodland areas. These forest 
reserves and the immense woodland areas in 
farms and the great forest lands held by pri- 
vate iirterests make up the forest resources of 
the nation (see Chapters 10 and 11). 

WOODLAND PASTURES. In the United States 
including Alaska and Hawaii 93 million acres of 
pastured woodland were reported by the Census 
of Agriculture for 1959. On the cutover lands 
largely m the eastern part of the country native 
grasses have invaded die once-forested areas or 
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have been pl<in(ed in woodland areas to provide 
pasture for livestock so essential in the agricul- 
ture of the nation. In the drier ^Ve4t andatoog 
the transitional zone bel'veen the forests and the 
prairie the forests provide pasture of great 
value to the ranchers and farmers who are in a 
position to utilize these pastures chiefly for cattle 
and sheep. In the West the canying capacity of 
the grasslands must be respected to prevent 
overgrazing. If the grass cover is destroyed or 
seriously damaged by overgrazing, not only is a 
gra-s-stand resource reduced in value but the soil 
liccomes more susceptible to wind and water 


emsibn. also ivater lliat im'ght be relmned on the 
land is permitted to flow rapidly to the stream 
channels carrying with ft a burden of silt that 
may reach reservoirs, and reduce eventually 
ibdr water-bolding capacity. 

tAMs roB SPECLSI, PiniPOSES. Seven percent 
of the land area or 157 mJlion acres are ased 
for various special purposes such as highways, 
railroads, airports, partes, wildlife refuges, farm- 
steads. urban areas, and otlier bnd-requiring 
developments (Fig. 8). The extension of hi;^- 
ways to meet the transportation needs of the 
natioQ requires usually that tlie ri^t of ways be 




fix- e Aitte lulinn undfrtjVts to Ih* rfUmilH •*«« highway*, thro. 

P«rW.y», lunipite, uui lon«iv» tena the country gry.* rtripr «f trgct.i- /tnnUnd. 
rrTi*»Jon«l for tbt< porposs. la Ae open tvuairy the imilta«>e WRh»c« m»» b 
•T-CTd bu« In urban bcc.uw »f the c«t ot the Uad, «« «Kdi.n mty he .cry 
(Cudrn Slate PcriwiT, New jmey llii^iway Alrtboritv.) 





Conservation of Natural Resources 


withdrawn from other use categories. The estab- 
lishment of new parks and recreational areau to 
serve the people who have leisure to enjoy these 
facilities requires land that was previously used 
for some other purpose. 

Land for Urban Vie. Living in urban com- 
munities is an andent way of life, Iwt in the 
United States urbanism has taken on some as- 
pects of newness. The spread of home building 
on the fringe of the older urban communities 
has produced what many people know as urban 
sprawl. In 1950, 64 percent of the popubtion in 
the Umted Stales lived in rides of more than 
2500. By 1960 the proportion had increased to 
69.9 percent. The increasing number of city 
dweDen makes it necessary for lands to be with- 
drawn from other uses and converted for urban 
purposes. The casual observer may get the Im- 
pression that the areal expansion of dties may 
reduce substantially the land in other use cate- 
gories, particularly valuable cropland 
In the inner sections of the pnncipal cities 
vacant or unused lots are available for future 
developments. Along the urban fringe urban 
and rural land may be intermingled to the ex- 
tent that delineating the uibaniaed area be- 
comes very diGicult. Because the internal lands 
are not fidly used, most urban areas would be 
able to absorb great numbers of people without 
expanding dieir corporate boundaries. Many 
of the significant features of land use in urban 
communities have been investigated by Claw- 
soa. Held, and Stoddard.*' 

The inlenrified use of the land for urban pur- 
poses has resulted in many unfortunate eco- 
nomic and cultural consequences. In some areas 
an attractive natural landscape has given way to 
an unsi^tly assemblage of man-made structures 
of doubtful esthetic quahty. Urbanization is in- 
evitable and the expanding city with its attend- 
ant problems must be accepted. The iniyor 
hi^ways and freeways that interlace the coun- 
tryside and tie the urban communities together 
attract commercial and industrial establishinenls 
and help to create what Gottmann calls a mega- 
■■ CbwMm. ndd. md Stoddard, op. n(, pp. 51-123. 


lopolis.'’ Ribbons or bands of closely settled 
areas join the suburbs of one town with those of 
another and the traveler gains the impression 
that most of the land has become urbanized. 
Urban areas expand and engulf rural land and 
rural people, but the total area occupied by 
urban communities is only about 1 percent of 
the land area of the country.'* 

The urban areas of the United States, while 
requiring only limited areas for their homes, 
factories, commercial establishments, and the 
other Appaiteoances of urban Me, make heavy 
demands on the rest of the country for food, the 
raw materials of industry, recreational facilities, 
water supply, power, and other materials and 
facihties. The urban centers have become great 
consumers of resources and at the same time 
they provide goods and services required by all 
the people. 

xusceuAKeous ia.vds. TVclve percent of the 
land area of the United States or 277 milUen 
acres classed as miscellaneous lands indude 
marshes, sand dunes, bare rock areas, deserts, 
and tundra. It would net be entirely accurate to 
refer to these areas as wasteland. Expansive 
areas of desert in the Southwest and the tundra 
of Alaska may be regarded as wilderness areas, 
and many people who hvc most of their lives in 
crowded urban areas derive satisfaction from 
viewing or penetrating briefly such svilderness 
areas. The desert areas of Nevada, New Mexico, 
and other states in the West have been used as 
testing areas for both atonuc and conventional 
weapons. The tundra and marshlands are natural 
refuges and breeding grounds for wild animals 
and waterfowl. These expansive open areas have 
utility as do other land areas, but the return may 
be largely esthetic. 

hand Ute in the Yean Ahead. It would be 
difficult to identify and list aD the factors and 
conditions that will operate over the next few 
years to change the use of land in the United 
States (See Table 4). By applying science in all 

Gotlnufin, StegaJopoti^ The Twentieth Centuj> 
Fund, Nnr Yorl, 1961. 

i>Clewv>n, Held, and Stoddard, op. nC, p. S3 
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TsMe 1. Nmlnl 5li(fU in Major tS>M, 19S9-19R(I 



Used in J959. 
.tfirtion Acre* 

SM/fnito 
Other Uses, 
AfiHlon Acm 

To iv Aiiini 
from OlhfT Utcr, 
3/cfAon Acnt 

AVt C/umge. 
Afiffwn Acres 

IVo/cr/eil Use 

In /aso. 
Afiftori Acres 

Cropland 

438 

6$ 

17 

-51 

407 

Grawlaml pasture and ranine 

fi33 

30 

49 

TlO 

632 

forest land 

746 

32 

27 

-5 

741 

Becrrational 

Cl 

0 

23 

+23 

65 

Farmsteads aud farm raids 

10 

0 

0 

0 

10 

Special poqwe uses 

83 

0 

23 

+25 

no 

Mkseellaneous other uses 

277 

n 

8 

-U 

206 


[Smirc«- U5 Drpiirtiiu.-Aln(Apicu]txire, Fon/ani)Apfinlti>R,Ar>D2>nm/i:v(}>r 19nD«, Wusliini^oii, DC. 1062, p 2] 


ilj various aspects, the utilization of mote fettil- 
i/er, (he selection and use of more productive 
plants and animids, (he selection and tise of the 
most prodifctis'e fancLuxLi, and \>y other means 
the area of cropland required to produce the 
foods and fibers required by a growing popula- 
tion can be reduc^ from 458 to 407 mdliort 
acres. The results of research carried on at the 
Agricultural Kescarch laboratories at BeltsviUe. 
Maiytand, at the regional research (aborafories, 
at the s(a(e agifcufcural colleges, at the state 
agricultural experimental stations, and at lJ»e 
laboratories of industrial Crms engaged in the 
iiianufachire of ferliUaers. the formulation of 
insecticides and fungjddes, and the food proc- 
essing industries are available to facilitate the 
impending readjustments In land use 

Increased yields per acre will make it possible 
to traasfer some of the land now m crops to 
other use categories. Some cultivated land caw 
l>e restored to grass and permanent pasture. Not 
only will the additional grassland areas help sup- 
port the hvestoeV; needed to feed the increasing 
population but lands planted or restored to grass 
wiU protect the land from erosion, prevent ex- 
cessive runoff, and preserve a basic resource 
until If is required by future generations.** 

Mare Land to Meet the Need* of VrbanlMi' 
lion. The continuing growth of llie urban popu- 

"TomcittrKltJtUtemeal lit peahr of gr*s m Cnu^ 

The Vnifbook o/ Apioulfurr. i9«, Covtminenl Pftonng 
Office, Wuliington, D.C,. 19«. 


blion mid the decline of the farm population in 
(he United States are conditions that produce 
important changes m tlie use of the land. By 
1980 as much as 25niilUoj) acres will be required 
to provide space to meet the needs of the urban 
popubtion. An important proportion of this wiU 
be withdrawn from the cropland category of 
land use. Cood farmland ivith fertile soil may 
not be needed for streets, factories, and shop- 
ping plazas, but good agncultural lands with 
fertile sod and go^ drainage are excellent for 
residential areas. Urban communities will ex- 
pand into marshland after extensive iand-fQl 
operations, into woodland areas, and onto desert 
or near desert areas, providing water is avail- 
able The high value placed on urban land makes 
it possible to spend large sums on drainage, 
grading, and platting to make an area suitaUe 
for urban development. Unfortunately, not all 
prospective urban areas are so carefully selected 
or well prepared for development, and as a con- 
sequence many homes have been built in areas 
subject to fkmds and otlier hazards. 

Over the next several years the urban eom- 
muDitie wili expand areally, but when the 
resata/Kes to kaiber e.rpii/isJon develop rile 
vacant are.is within most cities will permit in- 
tenial settlement and redevelopment. 

3/ore Land for Reerealion. Urbanization has 
created the need for recreational opportunities 
for the people who live in the dties and towns. 
The relatively short work week, relatively good 
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waj^ and saJaries, and racafions have fnade it 
possible for great numbers of urban dwellers to 
seek recreational opportunities in acccssilrfe 
parks, picnic areas, resorts, and playgrounds. It 
is estimated that £3 million acres «t 11 have to he 
added to llic 62 milbon acres now used for recre- 
ational purposes. 

Leisure time is now the privilege of the aver- 
age family, and outdoor recreation is the pre- 
ferred way to spend this available lime. Tl»e 
rcsponsibiLty for prosiding the recreational 
faabties must be shared by the government and 
the private sector of the economy. The larger 
parks will be provided out of pubbe funds, but 
substantial sums have been invested in golf 
courses, stadiiuns. swimming pools, and other 
facilities where the cost may amortfred by 
the collection of admission fees extending over 
a period of ^'cars. (For a more extended discus- 
sion of recreation see Chapter 20.) 

THE LEVEL OF LIMNC 

The consumption of farm products, particu- 
larly the food crops, in the United Slates de- 
pends on (1) the future population of the nation. 
(2) the per capita consiunption of food, and (3) 
the net exports or imports of edible products. Of 
these three factors the most important in the 
immediate future, as in the past, will be the lota! 
number of people in the nation. The market for 
food crops b dosely rebted to the number of 
mouths to feed. With the present popubtion 
and the productive capaaty of the arable bod 
asailable for food crops the American people are 
well fed, but there still remmns an important 
number whose diet b inadequate in some re- 
spect. Improving the bving standard of Ihb seg- 
ment of the population will require readjust- 
ments in the produebon of food crops, but the 
rising level of hving will not increase the over- 
all demand for food so rapidly as will the nonnal 
increase in the popubtion 

TTie Ijerel of Liring and the Market far 
Agricultural Producti. The market for agn 
cultural products is rebted not only to the 


ftumlier of consumers Iwit to the consumption 
capacity of the popubtion. People with a high 
stancLinJ of living and witli a hi^ effective pur- 
chasing power can provide a very brge market 
for the products of the bnd. It is recognized, 
however, that the consumption of certain foods 
does not seem to bear any sigruficant rebtion- 
ship to the family income. Certain long-bme 
trends have been established, and a change in 
incotne has little or no effect on the general 
trend. For example, the per capita consumption 
of wheat flour averaged 224 pounds in 16S0,and 
for rnore than SO years the consumption de- 
chned until it reached an average of only 120 
pounds in the S-)ear period, 1957-1959. The 
general decline in flour consumption continued 
and reached 116 pounds per person in 1961. 

Tfib change in the dietary habits of the nation 
b certainly rebted to the {mprovement of the 
diet of the American people, but it does not 
show a close rebtionship to the purchasiog 
powisr of the consumer’s dollar. 

It b clear and signiiicant, from the standpoint 
of the total economy and the conservation of 
the basic resources, that the higher the level of 
hving ihe greater will be the quantity of goods 
required to satisfy the wants of the people. Enor- 
mous sums of money have been spent on adver- 
Ibing, propaganda, and education, aU intended 
to stimubte or create a desire for a particular 
product. As bng as the penile of the United 
States have av aila bb a large and productive 
acreage for agriculture, have access to large 
mineral treasures, employ fully the power re- 
source avaabble, and apply intelligence m the 
development and utiUzation of resources, the 
present high level of living can be maintained 
and improved particularly for many undcr- 
pnviWged groups in the population. To say that 
all these things can be done does not mean that 
th^ wiD be achieved immediately For one or 
many reasons the economy may fail to make the 
ncce?sary readjustments, and fear may gnp the 

people InspileoftheopportunitiesforprogTess, 

ccoiioinic prostration may ovenvhelm a people, 
and temporarily a depression may wipe out 
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many of the gains. But when prosperity lettims 
ne»v levels of consumption may be attained ami 
the stimulating effect of an espunding econ- 
omy once more may bring hope to the pe(q>te. 

An Adequate Dietary Standard for the 
People of the United Stales, Providing an ade- 
fjuate diet for the people of the United Stales 
can be examined from a number of viewpoints. 
The diet of a family reflects somewhat the level 
of iacome or the amount of money available for 
the purchase of essential foods. For many fami- 
tes die marfequacy of the dwt can heremech'ed 
by increasing the income so that more money 
will be avail^le in the food budget. But an in- 
crease In income will not abvays provide a solu- 
tion, for bad food habits tend tt» pcisist. 
Established culinary prachces axe altered 
slowly. By ediicab'on and demonstration, prog- 
ress can lx made particularly among the young 
women who may be induced to depart from the 
outmoded methods of their mothers. U should 
be a major objective of every family where there 
Is responsible leadership to see that adequate 
quantities of (he essential foods are available. 

The fanners generally have a dietary advan- 
tage over many of the people who live In the 
urban commuidties. Because they are producers 
of a variety of food products including dairy 
products, fruits, and vegetables, the farm fami- 
lies, with many exceptions among the reuter 
class particularly, are well fed. People who Lve 
in the major cities have access to the large mar- 
Icets, and if the fncome is adequate aod other 
conditions are favorable their families may have 
an adequate diet Although many farmers may 
have adequate supplies of a number of foods, 
certain protective foods may not be availaUe 
in Sufficient rpianlities or at ail times of the year 
to maintain the physical weS-being of the (amify, 
The poor farm femilies, especially the share- 
croppers and the farm lalwers, usually are in- 
adequately fed, and the cash income of these 
poor families is often so low that they are unable 
to supplement in any substantial way thtir 
home-grown food crops. %Vhere the land re- 
sources are suitable food production for home 
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consumption should be sufficiently diverse to 
provide adequate diets, Surpluses of certain 
hum products may be available for sale in the 
market so tiiat the cash can be used to purdiase 
other essential foods, The farmers in the poor 
areas need supplementary sources of income 
which will permit them to purchase food tliat 
cannot be produced locally. In many instances 
luntled land resources could be used to greater 
advantage if the people were adequately in- 
formed about their dietary needs and hadsuffi- 
cient energy and amhfb'on to meet dheir food 
requirements. 

In the cities the poor, underprivileged fami- 
lies live in the midst of plenty but. because of 
Icnv income and hide knowledge of what con- 
stitutes an adequate diet, are ill fed. These 
pet^e, however, although much too large a 
group to receive adequate asastance, are the 
beneficiaries of the works of tbe organized 
charities and the tax-supported relief agencies. 

Consumption of Food per Person. The 
character of the diet consumed by a people 
greatlyaffects the area required to feed the pop- 
ulation. In the United States in 1959 only 
312.000.000 acres of harvested cropland were 
used to produce the foodstuffs and fibers used 
by a population of nearly 180,000,000. or ap- 
proKsmately 1.8 acres per person. In this are m- 
duded (he areas used to produce fibers and 
other inedible products and the exportable 
surpluses. 

Because of the high standard of living the 
area required to Supply the various food prod- 
ucts is comparatively large. The relahvely low 
density of the population permits the use of 
extensive areas with relatively low average 
yjdds as compared with tbe older agricultural 
areas iff Europe and the Onent. 

The Food Croups. For convenience the 
several food items that make up the diets of the 
American people are grouped as fellows: 

Mdk 

Potatoes, sweet potatoes 

Dry beans, peas, nuts 
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Green and yellow vegetables 
Tomatoes, citrus fruits 
Other vegetables and fruits 
Meat, poultry, fish 

EgE» 

Grsdn products 
Fats, oils 
Sugar, sweets 

These are the foods that in combination provide 
the inadequate, the staple, and the quality diets 
of (he people. From these the people secure the 
essential nutrients of proteins, carbohydrates, 
fats, minerals, vitamins, and the food energy es- 
pressed in calories. Slowly and progresavely, in 
peace and in war, in good times and bad, and as 
greater Icnowledge of foods becomes available, 
these several food groups increase or decrease in 
relative importance. 

From the accompanying data it is dear that 
there has been a number of significant changes 
in the diet of the American people {Table 5). 
Generally the changes indicate an improvement 
in the level of living. Since World War II there 
have been notable increases in the coosumptioD 
of meat and poultry products. The carbohydrate 
content of the American diet has dedined ex- 
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cept for sugar. Fats and oils have changed little 
during the past 20 years. 

Food Energy. In the United States where the 
quantity of food is relatively abundant the num- 
ber of calories per day is high as compared to the 
standards of other countries. In the 40-year 
period from 1909 to 1949 the energy repre- 
sented by the average disappearance of food 
vaned from 3170 to 3560 calories per person per 
day. The average for 1956-195S was 3200 calo- 
ries. The hipest totals were attained in the 
period from 1909 to 1912 when die food energy 
consumed exceeded 3500 calories per day. A 
low of 3120 calories was reached in 1935 when 
economic conditions limited the quantity of 
food purchased by the American people. In the 
period just before World War II the foods con- 
sumed were equivalent to 3250 calorics per per- 
son per day. During the war the calories In- 
creased slightly to 3370 In 1945. No doubt the 
number of calories would have been somewhat 
higher except for rationing which greatly re- 
duced the per capita consumption of sugar. 

The high levels of food consumption over a 
long period of years may be expected to con- 
tinue as a distinctive feature of the family 
economy. Although many people may be living 


Table S. Apporrol IVr Capila Conaumpiion 



riaid 

Milk 

Pounds 

Fofatoer 

Tatotoes, 

Pounds 

Vege- 

Melons, 

Pounds 

aim* 

Fnifla, 

Founds 

Meal, 

Pounds 

Eggs. 

Number 

meat 

Pounds 

Fats 

Oils, 

Pounds 

Sugar. 

Pounds 

Poultry 

Producls, 

pounds 

1935-1339 

330 

149 3 

140 

485 

1253 

296 

157 

44 6 

96 0 

_ 

1947-1319 

359 

126.6 

147.9 

548 

1485 

385 

137 

42 4 

95.2 

220 

1^7-1959 

335 

1105 

129 4 

335 

1566 

356 

120 

45.3 

90.1 

315 

1961 

311 

1076 

1299 

30.4 

1610 

328 

118 

45.3 

977 

37 6 

19® 

309 

1056 

126.0 

289 

1631 

323 

115 

456 

97.2 

370 

1963* 

308 

1319 

126 9 

21.8 

1699 

315 

116 

464 

966 

375 

1964* 

306 

1034 

126.0 

27.1 

1720 

313 

116 

466 

96.2 

38 7 


* PrebiQinaTy 

(Adapted from S'atiowl Footi SiOuilion. Agneu^nt Stuletmg Sentlee, VS Department of Agriculturo, Washington, DC 1 
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and working on diets tlist are inadequate in 
some significant May, the energy available frtan 
the food consumed is relatively high. A dwdine 
in food energy need not be regarded as an un- 
favorable trend provided the diets are improved 
in other respects, ffigh standards of health and 
nutrition can be maintained with a static ora 
slightly reduced calonc intake per person per 
day. 

The Prptectire FoceL, As knowledge about 
nutrition has increased in the United Stales, 
dietary standards have bees established wh/ch 
Involve more than caloric proteins, carbohy- 
drates, fats, and oils. It is now recngniied that 
certain minerals, such as calcium, phosphorsis, 
and iron, and vitamtris are essential ingredients 
of a proper diet. Foods that contain these neces- 
sary substances are classed as the protective 
foods, which, if consumed in proper quantities, 
prevent the insidious deBclency ^seases. These 
protective substances Include vitamin A and 
ascorbic acid (vitamin C) which are available in 
green and yellow vegetables, thiamine and 
nladn which are contained in meat, poultry, 
and Bsh. and riboflavin contributed by intlk. A 
suitable diet must include the foods that will 
supply the necessary quantities of protein, car- 
bohydrates, fats, minerals, and the protective 
substances so necessary to meet the energy re- 
quirements of the individual consumer and at 
the same time maintain lus physical well-being 
over the years. 

In planning for a permanent agricuiture for 
the United States many programs and objective* 
must be considered. But the agricultural me of 
the land should be so organized that adequate 
quantities of food are produced to meet the 
dietary needs of the people. Where inadequa- 
cies east the national ecemomy must provide for 
the importation of the essentia) foods such as 
sugar and other tropical products from overseas 
source areas. 

Food Consumption and Income. There is a 
significant relationship between the money in- 
come of the family and that of the cousumption 
oF food. The people with the lowest iireomes are 


unable to purchase the various food products 
that make up a quality diet but must be content 
with the less cspwisive foods that constitute the 
so-caUed staple diet The more nutritive and 
protective foods usually require more money in 
the food budget than (he families in the lowest 
income classes can afford. The relationship be- 
tween food consumption and money income is 
characterized by complenties. 

The ctmsumption of iodividua] foods differs 
greatly among the several income classes. After 
a family reoeitvs a sufficient income taputxdisse 
adequate quantities of fluid milk, an increase in 
income does not step up the consumption of 
milk. The quantity of meats consumed, or at 
least the money spent, increases with the family 
income. Not only is there an increase in con- 
sumption of meal among famines with the large 
incomes, but there is generally a shift from pork 
to beef and lamb. In the case of grain products, 
particularly flour, an increase in the family in- 
come usually means a decrease in the consump- 
tion of bread. The lowest income classes con- 
sume flour and meal because they cannot afford 
tbe more expensive quality foods. Families with 
large incomes do not consume proportionately 
large quantities of fats. Apparently the level of 
income does not affect greatly the quantity of 
fats Consumed, but people with larger incomes 
probably buy the more expensive fats such as 
butter. The per capita consumption of butter in 
the 3-year period from 1947 to 1&19 averaged 
106 pounds per year, but by 1963coQ5uinptiOR 
had declined to 6.7 pounds. In the same period 
tbe per capita consumption of margarine in- 
creased from 5 6 to 9.3 pounds. 

The dietary use of large quantities of refined 
sugar has long been a si^iificant feature of 
Amencan food habits. Between 1935 and 1939 
tbe per capita consumption of sugar averaged 
96 5 poun^ annually. Eturing the war period 
the quantify was reduced subsfanCiady by ra- 
tlontog and in 1945 was only 73.6 pounds. In 
1963, however, tbe consumption was up to 96 6 
pounds. Sugar has long been so cheap in the 
United States that most families are able to buy 



192 

the quantities needed. Over half the sugar con- 
sumed in the United States is imported from 
overseas sources; whereas essentially all the 
nheat and potatoes consumed in the domestic 
marhet are produced at home. This situatioo 
poses a significant land-use problem, for the 
continued importation of large quantities of 
sugar must be counterbalanced by exports. In 
effect we may be exporting carbohydrates in 
the form of wheat in order to purchase sugar, 
a very digestible carbohydrate. 

Fruits and vegetables are of major importance 
in the diet. With an increase in the family in- 
come the quantify increases. This fa especially 
true of the protective foods such as the green 
vegetables and citrus bruits. Between 1935 and 
1939 the per capita consumpdon of citrus fruits 
averaged 48.9 pounds annually. The quantity 
consumed declfoed to 25.3 pounds in 1964. In 
the same period the use of canned and fro2eD 
fruit juices increased substantially. of this 
Increased consunptloQ probably benefited the 
people of the middle and hi^er income groups, 
but these protective foods are available in 
limited quantities to the families o! the lowest 
income groups. 

During World War II when ratioruag was in 
effect, meat products were in short supply and 
it was suggested that grain products, particu- 
larly bread, be substituted for meat. Enriched 
white bread and whole wheat bread could par- 
tially replace rneat and at the same time toain- 
tain high nutritive standards at much Imver costs 
to the consumer. However, when the family in- 
come is high, people in the United States prefer 
more meat and less bread in their diet. Under 
sud) conditions it usually is profitable to use the 
grain to increase the supply of meat whidi is in 
demand by the higb-income families. In 1963, 
the per capita consumption of meat was 170 
pounds. 

RURAL EDUCATION AND CULTURE 

In maintaining the hi^ production on die 
arable lands of the United States it fa imporriort 
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that the people who hve on the farms enjoy and 
share with the city dweller the comforts and 
advantages of our material culture. As the 
fanner assumes the responsibility for extending 
the cultivated areas by draining the wet lands, 
dearing the forests, and irrigating the dry lands, 
he must secure for himself better educational 
opportunities for his diildr«i and improved 
dental and medical services for his family- 
Pioneer conditions of living have lasted too long 
in the farming areas. Farm people are anxious 
to have the benefits of eJectridly, running 
water, indoor plumbing, power machinery, and 
the automobile, so that life on the form will be 
attracbve, healthful, and satisfying to all metn- 
bets of the family. Ihe radio, television, and 
other means of communicabon have overcome 
mudi of the faolabon so long characteristic of 
life in the country. Farm families can participate 
in and enjoy the attractions of the city andstill 
retain a strong attachment to the land which Is 
so necessary in a long-range program of soil con- 
servation and the maintenance of high produc- 
tivity of the land. 

Direeiion of Migration «s o Factor, The 
prospect for niral culture, like that for a high 
standard of living, depends in large measure on 
the character, extent, and direction of rural- 
urban migration. If migrabon from the farms to 
the dries attains the magnitude of the pre- 
depression or wartime movement there will be 
important readjustments in the agncuIturaJ 
economy. Eixeept for a brief interval m the mid- 
dle 1930's and immediately at the end of World 
War 11 when demobilization returned many 
servicemen to the rural areas, the atyward 
■nigrarion has been relatively more important 
than the movement from the cibes to the rural 
areas. Hie relatively higher birth rate m the 
rural areas, parb'cuIarEy in the poor forming 
areas, has tended to maintain the more or less 
steady migration of people from the rural areas 
to the urban commumbes. 

Although people of all ages are involved m 
the migration to the city, it is the loss of the 
youth from the farms that u regarded as most 
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serious bolh economiediy and culturally. The 
retirement of eldedy farm couples to the cities 
is a logical culmination of a long period of pro- 
diictivc work on the land. In such a situation 
usually a son and his svife or a cbuj^itcr and her 
husband take over the brm and continue the 
family enterprise. WTien wlwle families indtid- 
ing the young children move to the city, the)- 
reheve the population pressure on tlie land But 
when the yoiilli from the farms migrate to the 
fiHesvvbcn they attain the working age Qje rural 
sreassuSorss^/TOUsJojs. ’Die}amfanSie$&nd 
the rural community have shared in the cost of 
their rearing and their education, and the cities 
become the beneficiaries without assuming a 
fair share of the costs. The migration of the fann 
youth to the cities without a counter movement 
of city youth to the country results In an impor- 
tant net loss to the rural areas. 

The farm areas lose in other ways also, par- 
ticularly when the famter and his wife die and 
the estate is div1de<l among their children. In 
many instances part of tiie estate goes to the 
children uho live in the city and part to those 
who remain on the farm. It usually becomes 
necessary for those who retain the farm to mort- 
gage the land to pay off the brothers aod suten 
who have moved to the cit)’. The interest pay- 
ments represent a further iain from the farm 
for the benefit of city pei^le. 

Not all the benefits accrue to the mban areas. 
In many states the rural areas still control or 
wield considerable influence In the legislature. 
As a coasequence farm areas secure important 
lienefits. School funds and appropriaoom for 
improved liighways commonly esceed the taxes 
coDected in the rural areas. It is a good invest- 
ment on the part of the cities to make an impor- 
tant contribution to the support of the school 
foundabon program, for many of the children 
who are the beneficiaries of improved naal 
schools wife migrate to the cibes. 

This regular outflow front the rural areas 
helps to maintain the general upward trend 
•he urban poj«ilaik>n. At the same time It tends 
to reduce the pressure of populaUon in the rural 
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areas. If hi^ farm incomes os weU as production 
can be maintained, there is an opporbmity to 
improve the standard of living. If the income is 
not needed to provide the creature comforts of 
a large family, funds will be available for electri- 
fication of the fann, modernization of the home, 
an automobile, and other labor-saving equip- 
inent. Simultaneously, the rural areas with 
Itigher fertility can make a significant contribu- 
licm to the labor force of the urban communities 
and perhaps secure better living conditions for 
those who remain on Ao land. 

flurol Fleeirificalion, Electricity, hke good 
roads and the automobile, has been one of the 
most important factors to improved living con- 
ditions in rural areas. Electricity in the home 
means more than better Lifting. It listens the 
work of the housewife by maldng available to 
her many labor-saving appliances. The farmer's 
work b greatly fadlitaled by clcctnc grmders, 
dnfis, fe^ mills, and other current-using ma- 
chines. The operation of a home water system 
■5 made possible by the availability of electricity. 

In the penod of 30 years, from 1935 to 1965, 
electricity became readily available to die niral 
population. Not all fanners and other people 
wto live in niral areas can afford to use 
available electrical energy After the Rural 
Electnficalion Administration was created by 
Executive Order on May 11, 1935, electnBca- 
Uon in rural areas moved forward. Electrical 
energy is supplied from both government 
financed and the privately owned utilities.'* 
The smaB generators which many farmers had 
installed were inadequate to meet their many 
needs, so they welcomed the eleetncal service 
from the large and more reliable central stations. 
“A quarter century of progress has put elec- 
tricity at the door of nearly every farmer in 
America.” The Rural Electrification Adminis- 
tration, a somewhat controversial agency, can 
l^co some cfvd/t/cf^ the extensJoo ofpoweriiws 

“Jdm H. F«se, Jr, “Etertncfty Com« to Firms," foifcr 
ta^oJuet, Tht 9f Agria/llUTt, 20^ CoiemmonT 

iVnit ii i g OiGn, Wtshin^on. D C, pp. 69-7S. 

isjbld, p. 6a. 
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to the niral areas, but the pnvate utilities are 
the principal distributors of electric enei^ to 
the fanner-consumer. 

The hfigratory Farm Laborer, nie benefits 
of improved living conditions have been un- 
evenly distnbuted among the rural people. The 
farm owner and the tenant, where tenancy is the 
Erst important step to ownership, have made 
important progress in securing the advantages 
of electricity on the farm, water systems, an 
automobile, and labor-saving appliances and 
equipment. But the poorer tenants, where ten- 
ancy is a way of life, and the migratory fann 
laborers commonly live under primitive condi- 
tions. Many of the seasonal farm laborers, often 
involving whole families, have a very low an- 
nual income, are lU housed, and are denied 
many of the benefits of a weU-established com- 
munity in respect to schooling, medical service, 
and public relief in case of need. In 1939. John 
Steinbeck. In T7ie Gnpes of U'rat/i, called the 
nation’s attention to the people of the dust bowl 
who were driven from their land by drought a>nd 
low prices of the depression years of the 1930's. 
The seasonal laborer who moves from one straw- 


berry area to another and from one fruit-picking 
area to another and who moves into the sugar- 
beet area at peak periods of work has received 
sympathetic consideration by Carey McWil- 
liams.*^ These migrants as well as the land 
owners must share In the improved conditions 
of life that are spreading into the rural areas. 

Eeonomie Security. t.and ownership, owner- 
operated farms, and the integrity of the farm 
family are the foundations of farm life in rural 
America. From time to time adverse forces have 
been operative and the stability of the agricul- 
tural industry has been in doubt. Farm tenancy 
has increased alarmingly in many areas. Corpo- 
rate ownership of farmlands and large-scale 
operation have become a challenge to the small 
owner-operated farm. As new patterns of agn- 
culture are introduced into the farming areas, 
the farmer retains his basic political and human 
ri^ts to participate in the new developments 
and movements and to share with the other citi- 
zens the material and cultural benefits that ac- 
crue to the nation. 

to Fb'o land, little, SnwD end Co., Boston, IMS. 
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to northern Georga. Eastern while pine, red 
pme, and jack pine forests are native to areas fn 
Minnesota, Wisconsin, and Michigan. In scat- 
tered spots in the northernmost parts of these 
states and in the Adirondack Mountains of New 
York, forests of spruce-fir occur. Over most of 
the region hemlock is associated svilh sugar 
maple, beech, and yellow birch. Other hard- 
woods of lesser ertent are black svalnut, bass- 
wood, red oak, hickories, elms, and ashes. In the 
southern part of the repon the shortleaf, pil<h, 
and Virginia pines are found. Before 1910 the 
American chestnut formed more than half of the 
stand in the Appalachians, but the chestnut 
blight has eliminated this species as a commer- 
cial tree (Fig. 2). 

The Central Ilardtrood Forest. This forest, 
principally of deciduous trees, is located In nine- 
teen stales in the central eastern half of the 
United States, and much of it is in forest tracts 
Intermin^ed with agricultural land. Its forest 
area represents less than 20 percent of the total 
area in the region. 

The Central Hardwood Forest consists of a 
wide variety of species, and, since the re^on 
covers such a wide range of soils and climate, 
not all of them are found throughout the region. 
Certain northern oaks are replaced by other 
species of oaks in the southem part of the area, 
while oak having the widest distnbution (Fig. 3). 
American beech and sugar maple have a wider 
range north and south than most other species in 
the re^on. American elm is the most widdy dis- 
tributed tree of the deciduous forest, extending 
the farthest north and west Other spedes in thfc 
region include wUd black cherry, cottonwood, 
tuhp tree, shagbark hickory, red oak, yellow oak, 
black oak, bun oak, while ash, black walnut, 
red maple, silver maple, and cucumber tree. 

The dedduous forest was most highly devd- 
oped in the Ohio and Wabash valleys and in the 
lower levels of the Appalachian Hi^Uand. 

TIte Soulhem Forest. This forest extends 
from Virgnia throu^ the eastern half of Texas, 
and from Oklahoma to the Gulf of Mexico Ibis 


vast area is characterized by four important 
{Mnes: shortleaf, longleaf, loblolly, and slash. 
They are often referred to as hard pines because 
their wood is harder than that of other trees in 
the pine family. Of the four principal species, 
lon^eaf and shortleaf are the best known 
(Fig. 4). These once stood in extensive vir^ 
forests of fabulous value, hut now they occur 
mainly in smaller second-growth forests. 

The Southem Forest is also known for its 
cypress 5\s'amps and bottomland hardwoods 
(Fig. S). The moist lowlands support heavy 
stands of red and black gums and many species 
of southem oaks, including water, laurel, and 
live oak, pecan, cottonwood, ash, elm, sycamore, 
and soft maple. 

The Southem Forest is an important source 
of forest products, producing more than two- 
thirds of all the naval stores of the world The 
South produces more than one-half of the total 
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Our Forest Resources 

pjpsvood consiuned in llie SMji. 

nhkh unounled lo 135 m.llion conk in 19^ 
Limber and foelwood pmdncHon amounled to 
tnico as mooh in wood volume as 

Although not so widely distributed « the 
Centnd Hardwood Forest, the Southern Forrf 
etceeds 197.285,000 acres on which appr^ 
mately 18 percent ot this countiy s saw timber 

"n, ItLly Mouninin Foreri. 
this teglon estend Iron. Canad. to M»» 
are pomaiOy conileroos. tvith ponderoaa pine 
die Lt common tree. In the northeri. part rf 
the region the forests occur in the " 

a, onThe ntoonttlns, but In 
they are limited 10 the higher elevations because 
ot arid conditions in tlie lowlantU. 

At the higher elevations. Colorado blue md 
Engelmann spnice and Alpine and 
ate dondnant. At lower 
foresti of western white plnCi '* rf,hto 

“SI hemlock, and pondetot. pm. fcud* to 

vadou. combinations. The lotcsk 

Mountain teglon have been 

burning m Se past. ”■> to *' 

areas lodffeoole pine comttionly nas 

the spcci^rf the ndglual '0,mt^*"5“^ 

is the most prominent btoadli^ 

region, hi.t o!ring to its short hfc tt » not ,m- 



Screke.) 


portaiJt as a saw-timber tree. .^mercial 

Uon acres. Is toted .rinfaH. the 

rcinon. Since this is a **8*° j saw- 

Sests are characteristically open and the sa 
timber stand Is relatively g g^ntofthe 

In spite of the fact that 

area is considered to have ^ of 

ahly be harvested, these sea e umber 

great importance loc^X of water- 

products but also P fjf^ of our na- 

shedsfor iiTigaUon. More than fifty o‘ 

UJ Foret 

« Ttmbrr ItoKKire* BfrinA 
l«u D C, 185S, Chiptre W- 


tional forests and eigjit nabonal parks have been 

«tabhshed in this region. 

racific Ceoil Forett. On the west coast fnOT 
Washington to southern California occur ^e 
heaviest forest stands in America and probably 
in the svorld. The three Pacific coast states con- 
tain only one-seventh of the forest area of t^ 
country; but it is estimated that they contain 50 
percent of the total saw timber. 

‘^The California forest forms a natu^ forest 
unit, distinguished from the forests of ^\^aslung• 
ton and Oregon In Cahfonua, cast of tlie Cas- 
cades and the Sierra Nevadas. the forwt is 
largely an ertension of the ponderosa pme forest 


Conservation of Natural Resources 


of eastern Oregon and merges with the south 
Rocky Mountain forest (Fjg. 6). On the west 
slopes, which have higher rainfall and humidity, 
redwood, giant sequoia, Douglas fir, and su^ 
pine are important forest trees. Tlie magnificent 
redwood forests contain trees varying from 175 
to 225 feet in height and from 3 to 10 feet in 
diameter, but many monarchs attain consider- 
ably larger sizes: heights up to 300 feet and 
diameters in excess of 15 feet. Althou^ some 
of the virgin redwxiod stands have been assured 
continued existence through inclusion in state 
and county parks, most of them are in the paths 
of logging operations. 

The Douglas fir forest of western Washington 
and Oregon extends 480 miles from north to 
south and varies in width from 100 to aliouf 150 
miles. This area covers 33,000,000 acres, of 



Fig. S Cypicu brake in Louisiana conUIning tupelo and 
ted maple as well as cypits$. (U.S. Forest Service.) 


whidi 83 percent is forest land. The Douglas fir 
forms 60 percent or more of the stand on more 
than half of the forest land. Important species 
commonly associated svith Douglas fir are 
western hemlock, western red cedar, Sitka 
spnice. Pacific silver fir, and Noble fir. 

The eastern-slope forest of Washington and 
Oregon occupies the interior of these two states 
and extends into Idaho and Montana, where it 
merges with the Rocky Mountain forest. Ihe 
major ^tecies in this forest are western white 
pine and ponderosa pine. 

In addition to supporting a tremendous vol- 
ume of high-quality timber, the Pacific coast 
forests are important for recreational purposes 
and for the conservation of water for irrigation, 
power, and municipal use. 

THE FOREST IVI’ENTORV 

Economic planning and formulation of forest 
polides by both public and private agencies de- 
pend on adequate information regardmg our 
forest resources. The U.S. Forest Service under 
authorizatios provided in the MeSweeo^- 
McNary Act of 1928 has conducted general su^ 
veys, and addibonal studies have been made by 
in^vidual states, the TVA, and various other 
agencies. 

Exfeni of Forestt. Some 774,000,000 acres, 
or one-third of the total area of this country, are 
primarily useful as forest land. Approximately 
one-fourth of this area is noncommercial, in- 
dudii^ forest land that is Jn rugged, mountain- 
ous country or located where climate is 
unfavorable or tie sod is shallow, Such forests, 
although not suited to the production of timber 
of economic importance, are of great public im- 
portance in watershed protection, prevention of 
erorion, furnishing cover for wildlife, and pro- 
viding an environment for recreation. 

Of the 489,000,000 acres of forest land 
classed as commercial, or available and suited 
to economic production of timber and other 
fewest {woducts, more than three fourths lie m 
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Table 1. Toul Commereial Fomt Arcs by durartrr of Growth and b) Region, 1933 
(IjnilFil SUIee and Oiaatai Aiatba) 


JiiT;ion 

Total 

100(1 Acres 

Percent 

Timber 

1000 Acm 

Pole- 

Stands, 
lOOO Acfta 

Seedling 

Sapling 

1000 Acres 

A'onsfoclcif 
and Denuded 
A rear. 

1000 Acfpj 

North* 

174, (Ml 

336 

47,722 

63513 

44,191 

16.615 

South! 

1932M 

396 

6050-2 

78576 

3S533 

16,072 


IIT.OU 

236 

70592 

23519 

12.160 

8.920 

Continental United States 

4S(A«1 

99.19 

(785(6 

169,408 

94.709 

-41.607 

Q^stal Alaska 

4269 

009 

4592 

75 

75 

27 

.Ail regions 

4SS.6m 

jmo 

162.703 

X69.4« 

94.734 

4J.£»4 


' Includes New En^Jand. ^Iiddle Atlantic, Lalie, Ccntnl, and ttniis crgtoos 
f loclia^ Sbath Atlantic. Southeast, and \test Cut/ rcgums. 
t Incbides California, Panbc Northwest, and Rocly hlountam regaais. 

ISource: Timber Reiourre Bet leic, UA Foml Srrvwe. Wasblnsion. DC. 1&S5] 


^Qos if v«e are to huild tip the output of good 
quality timber. More than SO percent of our 
poorfy stocked stands are in these two re^ns, 
indicating the degree to which the cations 
forest productive capacity is underdeveloped. 

The areas covered with poles (5 inches or 
more in diameter), too smali for saw.)og opera* 
tioo, make up 35 percent of our total forest land, 
and satisfactory sapling reproduction mak-es up 

percent, indicating the potential increase in 
tiinbef-crop yields 25 to 50 years hence if sound 
forestry practices are followed. The colunm in 
Table 1 headed Nonstocked and Denuded 
shows that 8 percent of our commeraal forest 
land is virtually nonproductive. 

Ibfurne and Groirlh of Standing Tintber. 
The forests of the United States are now grow- 
ing annually at the rate of 14.2 billion cuUc feet, 
including 47 billion board feet of saw timber. It 
has been suggested that an annual growth of 20 
billion cubic feet of all timber and 72 bnii on 
board feet of saw timber is required for an 
economy of full employment in which ctm* 
sumers would have a free choice of Tea^y avail- 
able materials, including limber and timber 
products 

It is significant that the o\er-all growOi-cut 
ratios are now favorable in both the North and 


South. In the \Vest, drain exceeds growth by a 
wide DiargiL because of the vu^n timber that 
is now being harvested (Fig. 7). 

Altbou^ an analysis of Table 2 indicates an 
apparently ^vorahle relation between all timber 
grosvth and drain in the North and South, this 
balance by itself is not satisfactory because of 
the fact that most of these stands are in the pole 
stage and contain much low-grade timber. In 


Table 3 , Comptri^a of Growth anil Cul of All 
TimWr aad of Saw Timber on Commercial 
Forrsi land* of ibe Uoilcd Siam in J 933 


Soic rimber 

Billion Board Peet 

Growth Cut 

Ratio of 
Groictii 
10 Cut 

North 

12.1 

67 

ISO 

South 

240 

196 

122 

West 

112 

22.4 

050 

United States 

475 

48 7 


AO Tim/fer 

Billion Cubic Beet 


North 

47 

I 9 

250 

South 

68 

31 

133 

West 

27 

37 

0 73 

(hated States 

JJ5 

10 7 
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In addition to state forests, many states tiuhi* 
tain a system of state parks, wliiih include areas 
of special scenic, historic, or recreational x’ahie. 
Here the cmpliasls Is on the presorvatton ot 
natural and liisforic fiatiircs rather tlian com- 
mercial timlicr protlnction. In some states there 
fs an effort to preserve areas of virgin forests as 
examples of oripnal conditions. An outstanding 
example is the California State Jiediiood l^rk. 
which has great scenic, scientific, and itupira- 
(ional s-altic. ^'ew Ibrk and Californu lead in 
the tniml«r of stale {varks and total area in parks: 
Minnesota, New York, Michigan. M’axhiogton. 
and Penasylvania lead in area of state forests 
with a lot j of over 13.000,000 acres. 

A'ntional riirerfi. Tlie rtational forests ssitli 
their 186,2G0,0(X} acres he in fortyfonr of the 
SO states. Of the total forest area Sl.800.000 
acres or 46 percent axe classed as commercial. 
Tlie national forests contain 17 percent of llie 
nation’s commercial forest bnd and 37 percent 
of the saw-timber volume. Most of die national 
forests are In eleven western states. These lands, 
including 55.000.000 acres of grazing ot other 
nontlmhcred land, were permanently set aside 
by acts of Congress and ore administered the 
Forest Service of the U.S. Department of 
Agricsiltwre. 

The Forest Service b especially charged with 
the acqubidon, development, and management 
of these public forests for economic as well as 
social uses. 

One of the original purposes for estabibhing 
national forests was protection of walersbetls. 
Achievement of this objective requires adeq;uate 
ground cover to retard exce^ive surface runoff 
of water and to check erosion. Consequently, 
it has been the policy of the Forest Servicr to 
prevent overgraziug of forest and rangeland by 
livestock and to mainlain a prodottiye sfand rf 
twnlvex cm tive Vasvds ii«iAed \o fonstry. 

In the early days of federal land acqubtbOQ 
the federal forests were called “forest reserves ” 
It b significant that in 1907 the name forest 
reserve was changed to “national forest,” uidi- 


caling tliat llic<e bnds were to l>e managed for 
the production of forest products rather than as 
mere reservations. Tlie fact tlial the national 
forests make a sulwtantial conlnhulion in limber 
production is sliown by the record for the fiscal 
year Iftw. Timlier harvest from llic national 
forests during Ilut yrar was the biglicst on rec- 
ord. Heports from Forest Service field offices 
show an increased hancst through the cwunliy, 
hrinpng the total cut to 6.328^129,000 board 
feet. TTie value of the timber cut in 1955 wa* 
$70.760.4 10. 

Many factors conlrilnitcd to the increased 
harvest. A sleppcd-up. niad-lwilding program 
fiy limber piircha.sers and by the government 
in reevnt years lias opened up for harvest stands 
of timiier lliat previously have been inaccessible. 
Also, the cxwnparativcly bglil snowfall in many 
heavy tiffilier-prodiidng forests permitted log- 
ging for B longer time tlian usual. 

Other federal foresb not under tlie jurisdic- 
tion of the Forest Service include 20.000,000 
acres which sliU remain in the piibLc domain, 
250,000 acres of forest bnd on w*alet$heds of 
reservoCn constmctesl by the Tennessee N’alley 
Authority, 2.500,000 acres In western Oregon 
recovered hy the government from the former 
Oregon and California Railroad and Coos Bay 
Wagon Road grants, some 12,000,000 acres in 
Indiiw forests, some 6,000,000 acres in national 
parks, and several milljon acres in wildlife 
refuges and mililaiy rescivatiODs. Commercial 
use of timber and oAer resources in the national 
parks is prohilMted liecattse the purpose b to 
preserve areas of distinctive scenic, historic, 
educational, and scientiSc importanev m their 
natural condition. 

INCREASIAC CSEFUL-NESS OF WOOD 

Since coioniail limes, wood has performed a 
vital role in the development of the United 
States. Wood b an extremely adaptable mate- 
rial An attempted census once listed 4500 uses 
without even approaching a full and exhaustive 
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classification.^ No other material provi<]« hwil. 
fiber food, and chemical derivaHves while serv- 
ing in addition a wide variety of stn.ctwa! uses 
A few of the principal products of the forest 
harvest are shosvn in Fig. 9- 

World ^Var II prodded an increased appte- 
ciaUon of the merits and adaptability of wo^ 
and stimulated research which rented not only 
in the improvement of established producU and 
manufacturing processes but also to the dwd- 
opment of new and improved 
n^ucs, new svood derivatives, and modihed 
wood products^ (see Chapter H). 

DIVERSIHED RESOURCES IN FORESTS 
Previous discussion l«s dealt mainly svilh the 
extent, diancter. condiUon. and 
our commercial forests; the relat on 
growth and depletion of our slan ”5 V 
and the importance of wood as a raw • 

Although high standards of living 

.b»jS 1.5 ot wood. ‘•clod' 0^ 

resources of great economic and 

cance that to some regions transcend their value 

as wood producers. . , i 

Forests conserve and regulate uilan 
essential for irrigation, 
aquaUc hfe, and domesUc use; they «e P^ 
tecling cover that controls crMion; ^^ 
natural home of wildlife: and, by 
creasingly important for outdoor r ’ 

they proLte the health and spintualweO-bemg 

of our people. , tr \n 

F.XJin Retotton m Soil onH 
some sections of the country the 
cover as a regulator of stream flow 
that of any other forest product or servKe. Abcrt 

Forta Servk*. L'5. IVpl. of Agricul . 
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12 nwhe. ot rainfall during the last days of D<n 
cenilnrr 1931. Oo" “• *' onynns erwe'ed 
with chaparral, the other had been denuded by 
ere. Flood waters in die binned ranyon dm 
stroyed 200 homes and look 04 lives, whereas 
in llTunbumed canyon d.ere wa.s no senous 

'"'tto^oT the biushnovered hills and irioun- 
of southern Cahfomia beriomc .l.n» 
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Distributioo of the forest resource 




Fig. 8 DistributkiB of tbe forest lesovrces uKlixtingcautal 
Al^a. (Timlier Remirtee /or America'! FhI urr. U.S. Fetd 


fact, one of the major problems in the North is 
to find salisfacloiy markets for much of the in- 
ferior quality, small-size timber that should be 
removed from the forest to make room formore 
valuable grovvth. 

In order to meet the goals that were sug- 
gested earlier, it will be necessary to increase 
all tiiaber growth 50 percent and to double saw- 
timber growth. The long-range solution to the 
prablem lies in the oomtmctive management of 
our second-growth forests. No nation with vision 
can afford to let a renewable resource ffiaf is so 
vital to its welfare deteriorate (Kig- 8). 

FOREST OWNERSHIP 

The character of ownership of forests is an 
important factor in the devebpment of a sound 
forestry program. A stable type of ownership is 
essential because of the tune element in produc- 
iog trees of high quality. In tbe long run, the in- 
terest and ability of the landowners in the grow- 
ing of trees will detennine our success or failure 
in meeting our future timber requirements. 

Prirate Otrnenhip. Of the 489,000.000 acres 
of forest land available for commercial timber 
crops, approdioalely 366.000,000 acres or 
three-fourths are privately owned. About 40 
percent of the private forest lands is m farm 
ownership; another 40 percent is in small non- 
faim holdings; and 20 percent is in industrial or 
other l«ge holdings. As shown in Table 3, which 
presents the pattern of commercial forest land 
ownership, small ownerships are the rule in 
privately owned forest lands. 

As shown in Table 3, the proportion of pri- 
vately owned forest land is low in the West, 
where large untouched areas of the original 
public domain were set aside as national forests. 
Private holdings make up 81 percent of the com- 
mermal forest land in the North and 91 percent 
tnthe South. 

In the early days of settlement our land policv' 
had as its objective the building of a nation of 
smaO home owners, assuming that each owner 
woidd safeguard and develop his home prop- 
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erty. However, o«r land-use history has sitown 
lliat, in general, these individual prujserty 
owners failed to recognize that not all tlieirland 
was suitable for agricultural purposes, and the 
result was that vast areas of forest land uhoDy 
tmBt for farming were cleared. The present in- 
tennfof^'ng of private properties, some small 
and some large, presents difficult problems in 
bringing about satisfaetoiy ovia'-all forest roan- 
agement. 

The future output of forest products wiH l*e 
more closely related to volume of standing tim- 
ber on private land Ilian to acreage. Judged by 
current cutting practices, the small hohlmgs 
stand out os die cnix of tiie problem of increas- 
ing our timber growth. According to die most 
recent over-all limiter appraisal conducted by 
Ihe U.S. Forest Service during the period 1952- 
1953, the key to the nation’s future timlier sup- 
plies lies widi die millions of farm and "other" 
private holdings. Tlics? have die poorest cut- 
over conditions, are largest In total area, largest 
in numlier of owners, and potentially the largest 
in total timber volumes. The 3.4 million farm 
owners and the misceUaneous group of 1.1 mil- 
lion other private owners control uell over half 
of the nation's oomtnerdal tunberLind and they 
nuBt continue to supply a substantial portion 
of the raw materials for forest industry* 

Aliout half of die aCTCage In small holdings 
is on farms averaging only 41 acres of woodlajid 
eatli. Althou|disi^i small forest acreage cannot 
provide die main source of income to the owner. 
It can anti often is hamfled as an integral part 
of the farm Inismcss sujiplynng fuel, pasts, or 
hunlw fur home use iB u-eH as proilduig a swjv 
plementary cash income. Unfortunately, in 
many sections die peiriinial need for cash has 
resultetl in ovcraitUng and liipiidation of the 
dmWr. However, small holdings, especially 
family-size farms, will continue to lie an essen- 
tial feature of the American sccnCv and we must 
find wav-s anti means of helping the small wood- 
kind owner to practice brttcr forestry If Das 
bnjvirtant segment of our fonjst resource- is to 

’ifcil 
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contnbute its sliare of desirable dmlwr products 
and other values. 

Cnmniiiniry Forrsts. Tlie term "coiniminily 
forest" is applied to those wooded areas owmed 
and maintained for pubbe use by any of the su!>- 
ordinate units of goveirunent In pven states. 
Loco] public forests hate a high so<^ v^ue be- 
cause iliey bring forests and forestry close to tlie 
pcojde of die community and create a belter 
appreciation of the iclation of forests to our na- 
tional economy. 

The 1953 Census figures reported over 3000 
estahlidicd community forests, widi on aggre- 
gate area of about -f.OW.OOO acres. Community 
forests vary hi size from small woodland tracts, 
such os the town forests in New England, to 
Luge county forests in H’lsconsfn. Massachu- 
setts. A pioneer state in the comroiinity forest 
movement, has 129 town forests aggregating 

40.000 anes. In addition to these forests, aliuut 

160.000 acres are owned by other municipalities 
mainly for water protection. Wiveonsln, throu^i 
US county zoning laws, has acquirctl neatly 
2.000.000 acres In uronty forests and has 210 
school forests ranging from 20 acres to over 800 
acres per school. 

Aroro fore/rs. During the first decade of this 
rcniury the growing coavervatioii movenient 
gave stimulus to state acdviUcs In forestry, cen- 
tering on control of forest fires, studies of local 
forest conditions and problems, and education 
of the pubbe to the Importance of conserving 
forestv Dght slates during this period passed 
legislation pertaining to aerjuuicion and admin- 
{stration of state forest land 
Since 1933. considerable progress has been 
mode in tlie establishment of state forests and 
parks. Thirty-eight states have adopted a policy 
of cstalihshing and maintaining state forests, 
and forty-three stales lave one or more state 
parka. The aggregate area of state forests fa now 
more than |9.000.0fW acres. In 1935 the Na- 
(ional Resources Committee reewnmended that 
state ownership Iw eventually capanilcd to in- 
trude 77,000.000 BOTs. mostly m tlie dmsdy 
poprd^ed states. 
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mml flosnlliat mayltritipwrioiislosics toprople 
who live In ihc Valiev'S and adjacent plains. 

Tlie hydfolopical fimctioas of the forest vary 
with the topoj^phy, with the climatic condi- 
lions MicJ) a.s iJie amount, distrilnition. and !»• 
lemity of rainfall, and with gcolo^c and tr^ 
conditions. In certain parts of llie United Stairs 
it appears that removal of tlie forest enver In- 
creases water yield, whereas in other regions 
when precipitation ocairs during the early 
spring while (lie gnxinri is froren, tlic amount 
of water stored in the ground is practically zero. 
Much more research Is needed to determine tlie 
influence of tlie forest cover ond forcst-Iand 
management on flood control and water yield. 

The processes involved in the rrgiiLitton of 
ninoff fiy forests may be explained largely liy tlie 
fact that 8 Well-managed forest Is an integrated 
biological community with its own special 
climate, characteristic undergrowth, and 
soil.’ The forest floor is protected by the crowns 
of trees and shmln at different levcb. Tlie 
ground surface is a mat of dead leaves and twi^ 
and lieneath this litter Ls a layer of organic mat- 
ter in various stages of decay, in which there ts 
an abundance of soil fauna and flora. All this 
biologic activity keeps the soil porous and gives 
it a crumbly structure, ideal for absorbing and 
filtering large amounts of water. 

Snow accumulation and melt ore also influ- 
enced by good forest cover. Protected against 
sun and wind, snow remains on the forest floor 
from a few days to several weeks longer than in 
e:qvosed areas nearby. Also, the interceptiew of 
snow by forests has received special attention 
because, usually, a considerable amount wiO 
stick to the trees. Measurements taken in the 
dense forests of Idaho show that about 25 per- 
cent of the snowfall on the average is caught by 
the crowTis. 

Another important relation between forests 
and water is that forests help to hold the soil 
open in winter. When the surface of open fields 

* Bernard Pnnk and CbfTard A. Betts, W’aWr and Our 
Forvafa, MiK. Pub 600, U.S. Forest Svrvico, Washiagtoo, 

ia«. 


is frozen so solidly as to lie virtually impervious, 
lliat of tlie forest soil is still fairly open and re- 
ceptive, Consetpienlly, in cold regions, as deep 
snow-s melt, mudi of tlie water percolates grad- 
ually into the forest soiL 

In addition to the aliovc-mciitioned effect of 
tlie forest in rctkicing runoff is the control of 
erosion and tlic consequent prevention of the 
silting of streams and reservoirs. Silt will even- 
tually ruin the storage capacity of any retention 
reservoir. 

Federal legislation h.xs l*een passed in recent 
years which extends federal programs In water 
production and couservation fieyond the man- 
agement of federal lands. Under Public Law 56fl 
the expanding small watershed program of the 
United Stales Department of Agrinilture is 
making a significant contnliution to reducing 
flood damages and providing additional capaci^ 
for storing water for domestic, industrial, agri- 
cultural, and rrcreatlonal use. Of 467 projects 
approved to dale. 2SI retjuire special forestiy 
measures aimed at protecting the water 
resource.’ Awareness at the federal level of the 
Important rcbtiondiips exisbng between for- 
estry end water was expressed by the bte Presi- 
denl Kennedy In his special message to Congress 
on natural resources on February 23. 1961. He 
said, “This admimstration accepts the goal 
urged by the Senate Select Committee to de- 
velop comprehensive water ba.sin plans by 1 970 
in cooperation with the individual stales.” Dur- 
ing I9fij the U.S. Forest Service participated in 
comprehensive river-liasin studies by develop- 
ing die forestiy phases for eighteen basin and 
sulvbasin plans. 

fhrfjitt in Jte/arion to TTildlife. The forest, 
when properly managed, furnishes an ideal 
home for many lands of wildLfe. The forest in- 
directly provides safe breeding pbces, water, 
food supply, shelter, and protection. 

That the management of our national forests 
on a continuous-production basu since the early 

'“Wood, VVilCT, »nd PeojJe," Profwiingt, AnnuJ 
ing of the Society of Ihc Amencen Foresters, Borloo, VUss.. 
1963 . 
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>can of the ccntuiy has fimlerially aldctl wW- 
hfe is {(Klicatcd by the fact Oiat on^-thin! of all 
OUT big game animals and myriad smaller ani- 
mals and birds claim the national forests as dielr 
home. The main oIi{eclivcs of the Forest Service 
in vsddljfe marugement arc to build up the 
habitat, to increase wildlirc population in sotite 
areas, and to Leep wildlife populations irt prc»- 
portion to the land's productive capacity. Many 
state and private agencies have a similar 
policy. 

Another Important program that has contrib- 
uted greatly to the restoration of wildlife Is the 
federal system of wiUlkfe refuges. President 
Tlieodorc lioosevdt set aside the first rullonal 
wdcDtfe refitge in 19ft3. Since then, and espe- 
cially during the past decade, tills program has 
expanded to tlie point where over 260 ueoa 
totaling nearly I't.OiXi.nOO acres have been set 
aside for tiJs piiqmse under tlie adminUtraUoa 
of the federal Fish and Wildlife Service (see 
Cliapter 18). 

f<r/<re u/t/f «f Foretlt for IXerrratSon. 
llecreaUon is an increasingly Important use of 
forest land. Before V'orld War II no less than 
40,000,000 persons visited the national forests 
and national parks each year. In the 12 years 
from 1050 to 19(52 the number of visits to the 
national forests for all kinds of recreation in- 
creased from 27 to ] 13 million. The records from 
the rutlonal parks, state porks, and private oper- 


ations all show the same trend. Management for 
recreation fs an equal partner with management 
for limlier or other purposes for which national 
forests are administered. 

The two most common outdoor recreational 
activities in the summer time, according to tlie 
Outdoor Recreation Resources Review Com- 
mission. arc driving for pleasure and swimming. 
The (huri Is walking far plea.nire. Insofar os the 
first is concerned, tlie scenic roads and parkways 
in the national forests are serving an important 
purpose for the recreational enjoyment of a great 
many people. The national forests also oSci 
much water-liasod recreation and incomparable 
hiking. 

There an? also increasing opporttm/ties for 
rceacation as a source of income forpnvate own- 
ers of forest bnd Ihmugii tlie develoisment of 
vocation farms, picnicking and sports centers, 
fishing wolen. camping, and hunting. 

However, it mmt lie rcmcmlxtred that tlie 
most important results of forest recreation can- 
not be estimated in terms of money. The porks, 
wddemess areas, and wildlife refuges were 
created to preserve natural, scientific, or histori- 
cal features for (he enjoyment, education, and 
insj^rotion of all the people, and forests are an 
indispensable part of the scene. For obvious 
reasons, anting of Umber is prohibited or greatly 
restricted in such areas. Representative wild 
areas must be preserved. 
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Improved coa^ervation practices not only 
arc necessary for the production of more wood 
b\tt also ore a great reservoir for employment. 
A managed forest, «ith its continuoris produc- 
tion of svood and its recurring needs for silvi- 
cultural treatment, can preside profitable em- 
ployment to many more people than a forest 
that is alnised or not managed at all. In Den- 
marl: 750,000 acres of forest furnish employ- 
ment for alxnit 6000 people, or one worker to 
125 acres. In Suilzerland the public forests gi»« 
employment to one full-time worker for every 
100 acres. The forests of the United States, if put 
under management, would give employment to 
over 6,000,000 people and would appro-rimately 
double our annual growth of wood.* 

As shown in Fig. I. in 1958 one out ofever>- 
twenty workers In the United States was en- 
gaged in some kind of timber-based economic 
activity. About 3 percent of the employment 

Heporl of Iht Coremmenlt cf tht I'xKrrf .Variena. 
He lateilo Conmlidcii) oo Food tod F.AO, 

WuUntteii,D.C., IMS. 



was attributed to forest management, 10 percent 
to harvesting, 15 percent to primary manufac- 
turing, 2-1 percent to secondary manufacturing, 
23 percent to construction, and 23 percent to 
tran^itation and marketing.* 

FORF.ST PROTECTION 

\jftte most significant fact about forests is their 
eitraordinaiy capacity to reproduce themselves. 
Under modem forest management the forest 
crop is harvested while the forest is kept in a 
productive condition. 

In spite of proper cutting methods, huge lim- 
ber losses result from insects, disease, fire, and 
other destructive agents. Were it not for their 
ravages, saw-limber growth probably would 
exceed b'rober cut by 25 percent, Ihe magni- 
tude of timber destruction indicates that a com- 
bination of better preveDt/on, cootrol, and uttli- 
zattoo of this loss would go far In contributiog 
towani our future timber requirements.* 
W'fVotech'ort from Firt. Fire is the greatest 
enemy of the forest It destroys more forest 
growi and keeps more young trees from be- 
coming established than any other single factor. 
That fire is a widespread national problem is in- 
dicated by the fact that over 14,711,000 acres of 
unprotected forest land were burned by 128,000 
fires in 1952.® 

One of the most serious forest fires on record 
occurred m Maine during October, 1947. Some 
3500 people fled Bar Harbor, the famous Maine 
resort, when flames raced in from surrounding 
woodlands. Nearly 400 homes, including sixty 
large estates, were destroyed m this summer 
resort center. Forest officials estimate that Octo- 
ber fires burned more than 240,000 acres in 

TKe Eowmic tsKforlaocK of Tunbrr ui 
Ifcr Crwlcfi Stole*, Muc. PubL Ml. Forest $errice,C.S.Dei*- 
ef Agrinifture, WasJjiDgton, D.C, 1961 

* Timber ite»ourre» flerseir, Qupter IV A. “Forest Fmlec- 
tim» tgamst Destructne Agraaes," VS. Forest Srrvjte. 
Wo^aagtoa, D C., 1955. 
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Maine, with the timber loss and property dam- 
age amounting to millions of dollan. 

American forests in every region show the 
effects of past forest fires. Repeated fires have 
cont'crted some valualde conifer stands into 
brush fields and hardwood stands into ragged 
forests of tinmercliantable trees. In addition to 
direct tLimage to timber, such fires result In the 
impaired condition of watersheds and the de- 
struction of wildlife. The damage that fire does 
to standing timber is well illastrated in Fig. 2. 

Causes of Fires. Careless smoVers who toss 
L’ghted cigarettes out of automobile windows or 
drop them in the dry leaves in tlie woods cause 
about one-fourth of our forest fires. ■'Pirebugs,'* 
or incendiaries, cause as many more, lightning 
and careless campers who fail to male sure that 
tbeir campfires are out before they leai’e arethe 
other principal causes of forest fires. These fac- 
tors account for over 75 percent of die fires each 


year in the United Stat«. Of the 19(12 total of 
llSiMS fires. 91 percent ivere man-caused and 
only 9 percent were due to lightning. 

Xlethoiis of Fire Control. Fifty years* experi- 
ence wjtli the forest fire problem has shown that, 
since most of tlie fires ore man-caused, the best 
approach to their control is through adequate 
forest protection laws. cfHcient forest protection 
oiganizations uith a system of fire wardens and 
fire-fighting cijuipment. and intensive educa- 
tion. 

Planes and paraidiules to deliver men and 
equipment (o forest fires are the most spectacu- 
lar eS the new methods of combating forest fires 
in the United States. They have proved espe- 
cially successful with fires in inaccessible places 
and at the same time have caught the public 
fancy and made people conscious of the need 
for protection. 

Holbrook describes an example of the siic- 



Rie. 2 Ooss sevijon of in otfr by fire (n tVfS. TO* rveub clecay«(t 

trvnl, iu«Icn (or timber. The enniul Erawtb ringr on Ibr tree levcils (I) ^rowlb itertcd to ISCSi 
(S) flrt-uaird of trunli in ISIS, (3> tree after 30 jvm bad Ml i^iur«l Uie damage. (Ohio 
Agiicullural Eiperiment Statloa.) 
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cessful use of planes at a big fire in the Siskiyou 
National Forest in Oregon and Califomli^ The 
fire was in such remote and di/HcuIt country 
that, if plane senice had not been available, 
supplies and equipment ss-ould Iia>e had to be 
trucked 31 miles over steep mountain roads, 
then packed on the backs of mules 32 miles 
more, or a total of 53 miles. One suc^ trip w onld 
have consumed 2-i hours. A Forest Service plane 
took off from the nearest airport, at Medford. 
Oregon, and 15 minutes later a ton of food and 
supplies was parachuted safely down to the flre- 

'•^ne ofjhe newest _ine^ods_in_fire_contTol is 
to drDpJjprnbs_Mnlaining_cbeiDjfalsiJisJhese 
bomb^crasl^the y relea se a Bre-kiUiDg vapor 
vvfaich_i5,three_times as eH«:lfve'^'*Mjeqiial 
wdghtotwaf er. Dry i «Tias also bee n used with 
su ccess on certain t yp^of Bres. 

There is no one cure-all for the Bie-coutitH 
problem. Research on methods of control should 
be continued, but, at the same time, an inteush'e 
educational p rogra m must be camed-on so (bat 

r Stewart (L flotbriM^ Burning en Emptir, Hie afv- 
milUn Co., New toA, 1944, Qupter 19. 


a subconscious will to prevent forest fires uill^ 
crea^ln tK~ p eople_w-h c» are goingl o the forest 
in inc reasing number s. 

ICeifiTKOL OF INSECTS AND DISEASES 

E^en though fire is considered the greatest 
enemy of the for«t~BeSusc of its’effect^on 
valuej^theTthan timber, insects and diseays 
are causing e^•en greater^losses in standing 
ti mber tK^ fire^Fjgure 3 stows that of tBe 
total impact on saw-timber grow-th, 45 percent 
is estimated as due to disease, largely heart rots, 
whereas fire and insects contribute 17 and 20 
percent (rf the total, respectively. 

In addition to our native pests, the situation 
has been corqplicated _stilt furthe^through the 
accidental introduction of several hi^y de- 
stiu^ve pests from foreign coumnes. 

The major insect enemies affecting our com- 
mercial forest stands are the white-pine w;^1I, 
the spruce bud worm, larch sawfly, pme-bark 
beetle, nut weevi the g>'psy moth, and _the_ 
Pandora moth. 

Considerable progress has been made in 
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tnclliotls of conlroUing insect pests. Airplane 
dusting and spraying with InsecUddcs have 
liecn successful fn combating a ntimbcr o/ leaf* 
eating insects. 

Sever al fungus diseases have made serious in- 
roa ds onotir for ert resonrcc s. 'ib date, no satis- 
factory controls Iiave been developed for cbest- 
mit blight, oak wilt, Dutch elm disease, andclm 
phloem necrosis. However, treatment of west- 
ern white pine with phytoactin, an antibiotic, 
has successfully controlled blister rust in while- 
pine stands in the northern flocky hfountain 
region (Fig. 

Tlie greatest loss from fungus action in incr- 
cltaiiUble stands is the destruction of heartwood 
of living trees by decay fungi. The amount of 

' Ilnujf J. Vidie, Virgfl D. Mom, «■] |I«m«r J. llarliMn. 
’’DevtlapcnenU tn Antal Appll<«(ton of AnCbiWk* t« On- 
iro) Stain Kud on tt«>>m>W‘MtrPlDr,''/eum0j9/Fnv*(iy. 
VU. 80. No. 11. 1882. pp. TSl-78t. 


fiuterul that has to be discarded because of rot 
when timber w cut often runs as high as 10 per- 
cent of the total volume of the mahire stand and 
occasionally amount to more than one-tliird of 
tlie volume. 

Althou^i Increased research and better or- 
ganizatimi of detection and control are needed, 
the liest possible tnsiinmce_a^'n^ it^ct_and 
disease losses is in tensive forest manag ement. 
Furthemiore. since so many of our most destruc- 
tive pests have been imported, it would seem 
that quarantine regulations sliould lie made 
more stnn pent than ever before,. 

Il\NCE MANACFJIIENT AND 
WOODUNU CRAZING 

The forage produced by herluceons and 
shrubby plants under the trees and in opeiungs 
In tlie forest is an important forest resource, This 



ng. 4 htrgt it«n<b el <i«ftrra wlute plot fa> tlir Roct}' MrasliSRt »« now ipn^nl mtb utritl 
ipplicotions of ontibiollcs to controt bliUer rust. (V.S. Forest ScivIceJ 
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is particularly true of the forest ranges of the 
West and South, hut much less of the central 
and northern forests. 

Whslem Forest Ranges. Tbe aatianal forests 
administered by the U.S. Forest Service include 
approximately 61,000,000 acres of land used for 
hvestock grazing. In the West the forestJand 
grazing problem centers around the utilization 
of large areas of public land by many private 
owners of randi property and livestock. Before 
these areas came into public ownership, much 
of this land was overgrazed and the forage so 
seriously depleted that fertile topsoils were 
washed away, slopes were cut by guUies, and 
irrigation works and other improvements in the 
valleys were seriously damaged by floods and 
silt. 

Four major principles are employed in the 
administratioa of ivestem forest ranges to bring 
about the proper coordination of grazing with 
other forest uses; (1) use of the range by the class 
of livestock best suited to it; (2) adjusting the 
number of livestock to what the range can sup- 
port on a permanent basis; (djad/ustiogtbesea- 
son of use to the most satisfactory period from 
the standpoint of correlating m^tained feed 
production with greatest value from tbe use of 
the feed; (4) distributing the grazing over the 
range to ensure even utilization of all parts and 
to protect parts of the range needmg special 
attention.® 

In spite of the obvious importance of keeping 
grazing in balance with sustained range capac- 
ity, a small segment of tbe hvestock industry 
has proposed vanous measures to restrict tbe 
Forest Service in its administration of the forest 
ranges and to put greater control of gazing in 
the hands of private individuals. Since much of 
the land being grazed is Important watershed 
and some of the area is important for commer- 
cial timber production also, it would seem that 
the pubic good would best be sen ed by per- 
mitting the Forest Service to continue to 

Satwnat Plan for American Formats, Senile Docuoimt 
U, 73rd CoDgrea, Lit SeskMi, CovenUDent Printing OSioe, 
Wishingtoo, D C, 1933, p. 539. 
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administer the national forest ranges under a 
system of multiple use in which all the forest 
resources and values would be coordinated. 

Forest Ranges in the South, The forests of 
tbe South furnish considerable feed for live- 
stock, particularly for cattle during spring and 
summer. It is estimated that nearly 150,000,000 
acres of the 217,000,000 acres classed as forest 
land are grazed to some extent. 

Since 91 percent of the forest land in the 
South is held in private ownership, the grazing 
problem b quite different from that in the West. 
Among the more important problems in the 
grazing of southern forest lan^ are; tbe wide- 
spread practice of uncontrolled burning to re- 
move unused grass, the serious damage by hogs 
in rooting out lon^eaf pine seedlings, and the 
grazing of sprouts of valuable timber species in 
the southern Appalachian hardwoods. Another 
important problem Is the adequate coordination 
of forest-range grazing with improved pastures 
and supplement^ winter feeding.*® 

Forest Crasing in the Central and A'brriieni 
Forests. Od the forest lands of tbe oeatral and 
northern states grazing is confined almost en- 
tirely to the farm woodlands. The most intensive 
use of forest lands by livestock occurs in the 
central states, where hvestock population is high 
and most of the open land Is under cultivation. 
In most of the forest lands, timber production 
should be the objective and hvestock grazing 
should be kept at the minimum in order to pro- 
tect forest reproduction and ensure further lim- 
ber crops (Fig. 5). If tbe land is more valuable 
for crops other than trees, the land should be 
cleared. If it is best suited to timber production, 
ft should lie protected from grazing to assure 
perpetuation of the forest 

VlfOPEB CUTTINC TRACTICES 

The goal of for estry is to keep in cont inuo us 
p roduction all potentially producti ve forest 
bnds n ot use d or n eeded for other purposes In 

'•Ibid.,p 550. 
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Ftf.4 S tVoocUuKls ran be perpetuated aaly vtten there b in sbundanee «f J’Oung ^oth coniing 
on. Tl>e woodland on the left bos been protected since 1932. The resuils are virortnu natural 
reproduction and fanpnved forest sod conditiotu. (Ohio Agriculhinl Espeirmml Station.) 


a vtr^ forest that is not disturbed, trees die and products can be obtained. Selective cutting can 
the wood rots, but young trees come in, and the be applied to one acre, one stand, or to a whole 
tsvo processes, growth and decay, are roughly forest property. 

in balance. Complete utilization of increment is Under the selective-cutting method the mer- 
approached most dosely under intensive forest chantable timber stand is never cut all at once, 

management in which the selective-cutting but, imtead, smgletrcw or small grovips of trees 

method Is usually the most desirable. are removed. Under this system, timber can be 

ConiinuOHS_J^rf«ctfon_tiirough SeUrtire harve^ed from the stand contmuously, without 

Timber Jlfonagemenf. In general, until the the long waiting periods that are required after 

1930‘s timber owners and operators thouj^t stands have been clear-cut. Also, light and fre- 

mainly in terms of the immediate returns, and quent cutting will build up the volume and 

the idea of continuously productive forests was qualityof the merchantable timber if die proper 

pven little consideration. Through judicious trees are removed. The volume can be increased 

cutting, the growing stock can be improved, and by currently removing less volume than is added 

at the same time a considerable harvest of wood ly growth, and the quality can be improved by 
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removing trees of poor form and vigor and 
reserving the better trees until they are ready to 
be harvested. 

Crosvth studies in weU-roanaged hardwood 
stands indicate that such tracts having 10.000 
board feet per acre grow at the rate of about 
three percent per year or 300 board feet per acre 
per year. At this rate, less than 4 years will be 
required for growth to replace the timber that 
was hars’ested. 

In certain eiceptional stands selective cutting 
may not be successfully employed. In the Paci- 
fic Northwest a major problem is the traxtsition 
from a timber economy based on virgin Douglas 
fir to one based on second growth. Here a better 
method seems to be clear-cutting in strips or 



Hg. 6 An exunple of lelocUve cutting. Under tlui tnetbod 
of muMgctaml nuture uw timber u removed every few 
yean ilong with craoked, defective, nod ether leu desuvbte 
treee. (Ohio Agricultural Eipeiiment Stetian.) 
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patches with provision for natural seeding-in 
from uncut stands bordering clear-cut areas.** 

AiWJther example in which tree selection loses 
some of its usefulness is the area where pulp- 
wood is the major product. Here fully mature, 
hi^-quality trees for saw logs are not an objec- 
tive of management, and a system of clear- 
cutting in strips would permit the growing in 
short rotations of a greater vrfume of wood at a 
smaller cost. 

In second-grosvth timber throughout the 
rotintiy, however, the selective cutting method 
based on frequent, li^t cuts appears to be the 
most desiraWe because it produces hi^ yields 
of high-quality timber on a continuous basis 

(Fig. 6). 

Other falue* of the SeUetire Cutting 
Method. It is apparent that any management 
procedure that preserves a heavy gyowiBgslock 
and generally excludes extensive clear-cutting 
win promote esthetic values, provide protection 
to the soil, prevent excessive water runoff, and 
maintain a suitable environment for wildlife. 

PLANTLNC 

VjtcT^^l reforestation through planting is a 
necessary adi gnct t o torest jiianagement be- 
cause ;t is a means of getting barren Tihcls Back 
mto"'prbducllonr Once a forest has become 
estaElished^ ho wever , planting of nursery-grown 
trees is not a feasible metEod of proving suc- 
cessive forest har^fr rm'a broad commercial 
scaleTNatiiral reprodu^'on isbylai^e cheap- 
est and most successful method of reproducing a 
forwt. 

According to estimates made by a recent sur- 
vey,** the total planting on commercial forest 
land in the United States had reache d 6,9 mil- 
lio n acres by 1952. Of this total, 5 2 mihion acres 
were considered ace^table. The total plantable 
area in^e nation has been estimated to be 51 9 

•• llfporf cp/ the Chief of the Forrat Sentet, U5. Depart 
meni et Agrinilhire, IM7, p 37. 

aajlmbef Reaoorce Reeiev. Chapter IV C, "Forest Tree 
(bab'D^* U.S. Forest Service, Washington, O C.. 19SS. 
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million acres, indicating that the rate o{ annual 
planting will liavc to Iw greatly accckrateil if 
these Hnprotluctive lands arc to f>e reforested 
within a reasonable length of lime. 

Fortnnately. the planting trrmd Is upward. 
The annua! rate of planting increased from 
68,000 acres in to OSS.OOf) in 1950- 

1&52, and it fa expected to go hfglier. Fhotn the 
J952 total of nearly -lOO.OilO acres planted ac- 
ceptably, the rate may rise to a nmimum of 
more than 800,000 acres during lire period, 
190S-1974.» 

Before World War II. the lalxir cost for hand 
planting was jirofiibitive to many private 
owners. Nfore recently tree-planting maclritres 
have l)ccn dcveloperl which arc well adapted to 
lesel or gently rolling lands (Fig. 7). lint on steep 
slopes hurt! planting or seeding frtxii the air 
l)e necMsaiy. 

In certain areas fire-ni\-agcd forests arc re- 
seeded by ur, During (he spring of IB-tSsomc 
&00 pounds of white pine seed from the Oram- 
plain Valley of New York state were sown across 
2200 acres of the Massabcslc Forest in Maitte. 
The former Navy irafner hipluic (hat was used 
flew 50 feet alxivc surviving trw tops, seedtog 
a 50-fool su’atb with each puw. A simlLi/ experi- 
ment was conducted in Oregon, where o mix- 
ture of Noble and silver hr and Sitka spruce 
seeds was sowm by airplane. 

Air seeding or seeding from aircraft is mudi 
more rapid than transplanting secdbnjp by 
band. This method of reforestation is still in die 
experirnenta! stage, and its success will, of 
course, depend on germination and survival. 

Jitforeilalioii of Sirip-Mineil Areat. Strip 
mining or open-pit minmg has created a new 
problem in Uic broad field of returning unpro- 
ductive lands to useful crops. Strip mining Is 
largely co ncentrated in tlie central stato, where 
more tlian'siXi.OtW acres have beeii disturbed.** 

I’JIiniwr Haourm for Amrrita'i Future Foml Be- 
Kiurcc No. It. Fomt Si-rvic», U.S. Oefurtiticnl of 

A^oillun, Woihingtim. D C., 18SS. 

"An A|>j>MiKlf of 0*af Strip Stinin^ Tennrurt SUfey 
Aulhturty, kAoivlIliV Trnn., 190 



n#. 7 A niNhanlr*! lire pluiler with fertilizer iihl berU- 
tidr tpoy attochmrnU. Two mra nui pljuil 1000 Imi per 
tiour ttotier lainnl)lc ntcxtillniu, FertDirer b placed in the 
furrew mw iiie tire reoti *nd tbe herWJe b rpnyed on 
etch (ide of the Irre tow to nducr >e);elstivr (onpeiaion. 
(OhioAKricullun) Fxperimnil SuKon.) 


Studies made in the Centra) States show that 
spoil hanks can lieallorcstcd and tliat the future 
iLsc of such areas will l>e thielly for forestry pur- 
poses.** The data show that past failures have 
more often liecn due to unskillful plantuig than 
to conditions in the spoil hanks themselves. 

nertmt legisbtioii in Obit), Pennsylvania, and 
West Virpnia calls for grading and revegeta- 
ting of spoil banks. TIils has created a strong 
trend toward the use of legumes and grasses m 
revegclating the more alkaline spoils for live- 
stock grazing. The acid shale areas arc best 
siuted to tree ^ivth. 

EmaKNT .MILLING ANP 
woof) UTILIZ-ITION 

The process of convertmg round logs info 
square timbers is essentially a cnide. uneco- 
nomic process, for the actual amount tliat 
e m erge s as the finished product is only a small 
fraction of the whole (Fig. 8). 

It isesllinated that at present only 40 percent 

i^'M Syniposifim on Slnp.Sfcfltf ft^rfamation." 77te OAki 
fonnuil i^SrirtiCT. Sot at. 1904, pp. G5-I73 
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fig. 8 Chain 
openttons in (he woodi, thereby reducing labor 


of the merchantable timber in the forest is coo- 
verted into rough lumber. Of the 60 percent that 
is lost, 23 to 30 percent is logging waste in the 
fenn of defective trees, tops, stumps, andlimbs- 
The remaining 30 to 35 percent consis ts of waste 
at the sawmill where the logs are converted into 
lumber. This waste can be broVen down as 
follows: 


llemj of Lo3s 

Bark 

Sawdust 

Ed^ngs and tnmnungs 
Slabs 
Seasoning 
Total 


Log Vdujne Waited 
(Percenf of Total) 
13 
13 
12 
6 
_6 
50 


'^Utilisntion of Wood Waste. Many tedbnokig- 
ical and industrial advances have made il pos- 
sible to utilize a great deal more of tfie tree 
substance than was used m the past. 

Bark, long considered almost worthless, rep- 


resents approximately 13 percent of a saw log. 
New processes have been developed that make 
it possible to use bark as an ingredient in ply- 
wood ^ues, plastics, insecticides, and soil con- 
chtfoners. Shredded bark is also showing promise 
as a poultry litter which, when mixed with lime, 
makes a concentrated fertilizer high in nitrogen, 
caldum, and organic matter. The tannin in- 
dustry is also using increasing amounts of bark 
ftom hemlock and oak trees. 

More knowledge on how to'reduce waste is 
available than it has been possible to apply, but 
we need to develop still belter ways of utilizmg 
what is now wasted.^* 

\^dmical Vlilixatian of fToed. la additioa 
to finding improved methods of using wood in its 
natural slate or treating it with certain materials 
to change its properties, scientific research has 
made an outstanding contribution in the con- 
venion of wood loloa multitude of products that 
bear little or no resemblance to its original state. 
Most people <hink of lumber as the chief forest 
product, but sawn lumber now accounts for less 
than one-half of the forest harvest in cubic feet 

The most important form of wood conversion 
in the United States is wood pulp for the manu- 
facture of paper, paperboaicC derived products 
of wood puJp (rayon, cellophane, etc.}, and 
wood-fiber pr^ucts such as hardboard and roof- 
ing fdt. The use of wood in this field has more 
(ban quadrupled in a period of 33 years, hav- 
ing increased from 8.1 milliOD cords in 1920 to 
37.8 millioa cords in 1953.*^ 

The itmns enumerated above are only a few 
of the many materials that are made from me- 
chanically or chemically converted wood. 
Knowle(%e in this field has advanced to such an 
extent that the immediate problems of applica- 
tion are. to a considerable degree, econonuc 
rather than technological. 

** Wood 

jTiisd of (be Forert SituKioii. Forest Serriee, U5. Depart 
merit of Agriculture, VVashm^oii, D C, 1947 

•’ I^ber Reeource 15etie»r, Chapter VI, "Future Dome*- 
tie ftequirementa for Timber." U5. Frwest Semee, Wad)- 
mgtrm, D C, 1955. 
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Cfiemieal Tivaiment of fTbotl. Pressure 
treatDJent of railroad ties with creosote hasloiig 
been an accepted practice by railroads, but Oie 
initial cost of treatment has prevented the gen- 
eral use of chemically treated wood. Chemicals 
such as pentachbrphenol and copper naphUte- 
nate have been found to penetrate satisfactority 
by cold soakuig and in some instances by brush 
application. Wood preservatives have not only 
estendedi the service life of wood but also made 
available species of \vood that were formerly 
avoided. 

Considerable progress was also made during 
World War 11 m the development of fire- 
resistant treatment of wood. The chemicals and 
methods, however, are costly and preclude the 
widespread use of such trent^ material for gen- 
eral comlruction purposes. 

Aft entirely new group of products classified 
as “modified wood*' has been devebped through 
the appLcation of synthetic resins and urea to 
wood. Such products as impreg, compre^ stay- 
pak, and uralloy have greater hardness, com- 
pressive strength, and abrasion resstance than 
untreated wood. 

It is sigruficant that many of the new and im- 
proved developments in wood utiUzadon, par- 
ticularly structural plywood, laminated wood, 
timber connectors, and wood preservatives, 
have wide application in construction and other 
major fields and wiU therefore be important in 
filling civilian needs in the future. 

U-'^'eir Veretopmrnn in Faresl IVo»fu«». As 
indicated above, research in wood utilization is 
bringing to the American public new uses of 
wood in many forms. One of the most dramatic 
and significant chaptws la the history of the use 
of wo^ is the develpment of modern plywood. 
In the 1920’s plywood ivas largely an esperi- 
mental material with a narrow range of spedalty 
uses. Today it is a standard material for wide and 
Increasing Taiig& of construction and industrial 
uses. Its advantages lie chiefly in its nonsplitUng 
qualities, its dimenaonal stability, and its avail- 
ability in relatively large sizes. Furthermore, 
synthetic resin glues which are not affected by 
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sun and w'ater have made possible the bonding 
of boards or other relatii’dy small pieces of wood 
to lorm great laminated arches and timbers. 
This is a revolutionary development because 
large timbers are no longer restricted to the 
dimensidm of togs from which solid timbers can 
be cut. 

Anotlio- develcpment in llie utilization of 
wood is the invention of metal timber connec- 
tors whidt hold pieces of wood together as firmly 
as if they were one piece. Their efficiency is well 
exemplified ia the construction of radio towers 
to a height of 400 feel and in the corutruction of 
airjdane hangars with clear roof spans of more 
thm 200 feet 

The modem approach regards wood as a raw 
materia} that can be used in an ever-increasing 
number of products. Sweden in 1947 made 25 
percent of its pulp from sawmill waste, Over 
90 percent of the Swedish lumlier Industry’s 
sobd waste, excluding bark and sawdust, was 
utilized in pu]p mills. 

Hie production of tall oil i$ a new thriving 
iodustiy based on a paj>er mill by-product. Thll 
oU is made from Ihe ’'black Lquor sScimmings'' 
left over when southern pine wood is made into 
kraft pulp. Formerly, the liquor waste was 
dumped into rivers where it became apoUution 
nuisance, or it was burned. 

Since wood is about three-fourths carbohy- 
(hate. It is possible to convert wood waste, exclu- 
sive of bark, mto sugar throu^ wwod hydnJysis. 
Industnal alcohol, high-protein stock and poul- 
try feed, furfural, medianol, wood molasses, 
and acetic acid are products that may be ob- 
tained by this process. The chemical utilization 
of wood waste sod inferior timber species has 
been receiving much attention. For example, a 
process has been developed for the conversion 
of the cellulose in sawdust into sugar, w hich may 
be used eidier as food or to make industrial prod- 
ucts, Jn this process, containers bolding several 
tons of sawdust are subjected to repeated per- 
colations of dilute suUunc aad under heat, and 
the filtrate h neutralized with lime. The result 
is a sdiitiOR of glucose and pentosesugars « hich 



are the t^c raw materials for ethyl alcohol and 
feeding yeasts. In the Northwest a single com- 
merdal plant can process 200 to 300 tons of 
wood waste a day.** 

Trenrfs in Utifisation. Although proper forest 
management is basic to budding up and main- 
taining our forest resources in a productisx crm- 
ditioru good markets for forest products provide 
the incentive for good management. 

Better and moro complete utilization in the 

» Trra, TJie TfartooJe of Agrieviturt, VA. DrpMtiQnt 
of Agriculture, Washbigton, D.C., ISM, p. S42. 
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woods and mill is largely a matter of economics 
and ingenuity. Steady im'provement in equip- 
ment and methods have lowered production 
costs which have in turn contributed to better 
utilizatian by making more of the raw materhJ 
piofitabte to handle. Tractors are now used to a 
great extent for skidding logs and motor trucks 
are becoming increasingly important in trans- 
porting logs and pulpwood from the woods to 
the milk In 1S5C^ considering both distance and 
volume transported, it was estimated that about 
two-thirds of the total job of handling sawJo^, 
70 percent of the total for veneer logs and bolts. 



S-- ''V' 


Flf. 9 CeoTSia-PactficV rpnwtin; complei at inuliitKSuriDg plaati tl OtBscH, Arfcanai, a 
geared to tha romplctc utSizatimi ot t)ie Umlrer eiuwu oq Ore mmuadio; Tree Parma, to Ibe 
teregrsusd the p*per millf make bouarholiJ iisua, htratbed foodbaaol, aad baft paper To tfre 
right b xbown a cbenucal plant wbere cbaieeal briquets aad a wide ranje industrial chemicali 
are made. In the eeutrr back^raund b the buje lumber plant where quab'l; pure linnlrer u 
ptnduccd at the rate of 100 millKin tamd feet eadi vear. (CeorgtaFaciSc Cotporatkai.) 
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and 40 percent of the total job of hauling pulp- 
wood, was done by buck.*® 

An increased demand for pulp in recent years 
ha.s resiJled in a strong trend toward ubliiation 
of mill waste such as slabs, edgings, and trim. 
Since only a limited amount of bark can be toler- 
ated, irreeban^ and bjdrsulic barkers that 
remove the bark bom the logs as they enter tbe 
mills have been developed. The recent develop- 
ment of the chemiground process for the manu- 
facture of pulp from hardwoods such as beedi. 
maple, oak, and many others has provided anew 
outlet for many species. 

Need for Integrated Timber V$e. Onenta|or 
need in attacking the v^te problem is greater 
integration of the timber products industries. 
One-product operations tend to be wasteful. 

Crossett, Arkansas, is a good etample of a 
prosperous forest commuttiCy based on properiy 
managed forests which are coordinated svitb 
the manufacture of wood products (Fjg. 9). A 
permanent sawmill, wood-^tilUtion plirnt. and 
paper mill are wood-using industries in this 
community that are integrated in such a way 
that almost complete utilization of the forest 
crop is possible. Management of forests for sus- 
tained yield will be an incentive to such integra- 
tion. Operators who adopt the policy of com- 
bining reawring limber growth with the 
manufacture of forest products can develop 
their plants and plan to stay in business perma- 
nently, because they have scone assurance of a 
continuing supply of raw material. 

’'-rtiBUC ACTION I.N 
ADVANONG FORESTRY 

Although it seems certain that private ow-neB 
will continue to hold the largest portion of our 
forest bnd. the public, as represented by tbe 
organized forestry agencies of state and federal 
governments, wdj have an increasingly impor- 
tant part to play In a nationwide forest conserva- 
tion program (Fig. 10). 

r*Timt*rr Rntwrt itntrv, Quptrr 111, 'Growth uid 
IVItutioB o( DoRintic TIiDbrr,' Ui. Forot S«nfc*, W«ib- 
b>Stan, D C, llOS. 



nf. 10 A(t4ndotso>vrnmtnt-ewnnlilrs(n,ina(dhwd 
wood tcDber coadftie; ot miptc^ titn, lud bbtk uh in the 
Nicolet NttJone) Fomt to WUcniuia. (II.S. Foreicl ServiM.) 


Pmetiee of Forestry on Publicly Owned 
Lands. It is the poKcy of the Forest Service and 
state foresfety agencies to utilize timber and 
other forest products for tbe benefit of con- 
sumers. to support indusbries on a continuous 
basis, and olhenvise to contribute to stable load 
and national economy. 

Cutting operations on public forests are of 
great significance in determining and demon- 
stiuting methods of silvicultural practice. Great 
progress has bees msdc is our Anowfodge of 
forest management procedures in publicly 
owned forests thtwi^ research and erpetimen- 
tation. In addition to assuming the responsibibty 
of ownership and rehabilitation of idle lands 
that are not attractive to private capital, our 
puUic forests have an important place in dem- 
onstrating better forest practices. 

Public Regulation of Cutting on fVirate 
Ijatidt. IHiblic regulation of mtting on private 
forest hinds has been recommended as an essen- 
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tial step in continued forest production. Indi- 
>idual o\vners are handicapped in adoptinggood 
forestry practices if other owners continue their 
“cut-out-and-get-out” policy of exploitaticn. 
Many economic obstacles disappear when aO 
owners handle their forests under the principles 
of continoous forest production. 

However, many owners and operators op- 
pose the idea of public regulation on the ground 
that it would be an unwarranted encroachment 
on private enterprise.®® It would be ertremely 
difficult to regulate the 3.4 million {armers and 
1.1 million other private owners who own less 
than 100 acres each. Many people feel that the 
American way to improve the situation is to 
provide increased assistance through educati'oo. 
technical guidance, tree distribution, conserva- 
tion pajincnts, protection, and research rather 
than legislation. 

Federai r«rsu« Slate Regulation. Allhou^ 
the idea that some regulation is desirable and 
necessary is accepted by many people, they be- 
lieve it can and should be imposed and admm- 
istered by the states and that it is a stale 
responsibility and functioa These individuals 
feel that for the federal government to tahe on 
itseU such a responsibUit)* is to deprive a state 
of opportunity to develop Initiative and re- 
sourcefulness and that a strong nation can rest 
only on a found^on of strong states. 

Since 1941 tluiteen states have enacted regu- 
latory laws, but most of them have been is effect 
too short a time for their eS^ectiveness to be 
judged. Legislation in Maryland and Oih- 
fomia®* sets forth the need and objective of 
regulation, defines in broad terms the provisions 
for woods practice designed to ensure the con- 
structive use of forest lands and to prevent 
injurious exploitation, and provides anthori^ 
for enforcement of the law. In these law-s the 

FroMrmi and fiogr w of forrttry in tha D.S.. R«poct 
of Ihe Joiot CcEOmittee on Fortstry of Ibo Notiona] Hoscartli 
Coaodl and Uk Sodcty of Amorkan Foresten, Waibingloo. 
D.C, 1W7. 

^ Hie Fomf Sittutuyn tn Caitfoniia, Beporl to 1&« Lcp>- 
htine by CaLfoniu Forestry Study Committee, laiS. 
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details of the proposed cutting practices are 
formulated by local forest committees of timber 
owners and operators with the result that the 
rules come up from the bottom, rather than be- 
ing imposed at the top and passed down. With 
the maximum of local rule and a hi^er agency 
determining the adequacy of the rules, the op- 
eration of public regulation on private lands to 
a large degree reffects industry regulating itself 
in the interest of preserving its own baric 
resource. 

Totafion of Forest Land*. Forestiy is in- 
separably linked with taxation. The burden of 
tiuatioQ is often given as the reason lor fadure 
to practice forestiy. In individual instances this 
is un<k>ubtedly true. Under {united selective 
management with regular returns annually or 
at short intervals, taxes are not a serious obstacle 
to forest managetnenl 

Several states have enacted special tax legis- 
lation designed to encourage the building up of 
the ^wing stock in immature stands. Such 
le^latioa Im usually taken the form of aboluh- 
ing the ad valorem s^-stem of taxation and im- 
posing a ^ield tax at the tune of harvest 

For j-oung growth, a combination of a low, 
fixed annual fee, in Leu of a ta.t. and a }1eld tax 
coQectible at the time of harvest, has bren tried 
and has been the law in Oregon for several 
years. Indiana, a hardwood stat^ assesses clas- 
sified forest lands at $1.00 per acre and collects 
a j-feJd tat at time of Cutting equal to the tax rate 
times the difference between assessed value at 
time of classification and assessed value at time 
of harvest 

In those sections of the country where chronic 
lax delinquency is a serious problem, the best 
sdution seems to be absorption of such lands 
into public ownership, federal, state, or coun^'. 

There is need, however, for continued re- 
search in forest taxation. The guiding pondj^e 
should be that forest land must contribute its 
share in support of public activities and institu- 
tions. Mliere wroodlands are managed properh. 
taxes are seldom a serious obstacle. 

Public Assistance to fVi'rate 0«rner*. Public 
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officials, generally, consider It sound prficy to 
maVe good forest practice attractive to private 
owners. This attitude has been reRecled In 
public assistance to private operators in coop- 
erative fire protection, forest research, assislartce 
to the states in the production and distirbulion 
of forest planting stock, hi the educational pro- 
gram of the Extension Service, in woodbnd 
demonstration projects, and in farm-forest 
marketing projects, nie federal government is 
also giiing aid directly to individuals throu^ 
federal land banks and through complete farm 
plans furnished by the Sod Conservation 
Service. 

An Important development in public assist- 
ance to private wwdland ounen nas started 
during M'orM M'ar II as tire Timlier Production 
War Project. In order to stimulate increased out- 
put of timber products, several federal and state 
agencies besides the Forest Sef^•lce provided 
foresters to assist sawmlli and logging operators 
sod tlmbedand owners in meeting prwJoction 
problems. 

Since 1050 the state and federal agendes have 
expanded technical assistance in forest manage- 
ment to farmers and other timberland o^vners 
through the Cooperative Forest Marugeroent 
Act. In providing such technical assistance the 
states employ fesAnicaiiy trained fcresferi who 
are commonly called service or farm foresters. 
Approximately two-lhlnis of the cost of this 
assistance program is paid by the states and 
one-third by the federal government. 

^I^GftESS liV PiUl’ATE FORESTKY 

Since approximately 75 percent of the na- 
tion’s forest land is in private oivnenbip. the 
importance of good forest practice on privstely 
owned land is self-evident fFig llj. 

The great demand for wood products has 
shown that forests can be grown for {woBl. and 
many private owners, particularly the lumber, 
paper, and pulp industries, have conie lorealiae 
that their own best interests will be served by 



Flf. 1 1 Tliii ttind of lo«ering p[ae timber near Crooett, 

arlaoMr. Irapncneeiaiopte or fame 720,000 iCKi of ttfrert- 

iandoNmrd ini otaaegvi b/ the Ceor^ PanCe Corporation 
in fwtfaem Arkanfai and northern Lniufiana. These timber- 
lantb are managed on a iuttaioed-)ie1d bash under a policy 
of dynamic ecruerration. Thii pohey means the growing of 
more frees per acre on a perpetual basit and the production 
of more wood produet* from each tree harvested. fCeorgia 
Pacific CoTporaUrm ) 


maintaimng ihnr forests in a productive condi- 
tion. 

Jndaitrial Forettry. Only recently have 
profit possibilibes in the growing of timber 
crops, and the need to hold limberlands forpro- 
tectiou of permanent pLint investments, become 
generally recognized throughotit the forest in- 
dustries Consequently, many pulp and certain 
other piimaty wood manufactures have adopted 
aggressive land acquisition programs. During 
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the eight-year period 1&4S-1953 the acreage 
owned by pulp and lumber manufacturers com- 
bined increased bj’ 13 percent. 

The recent survey of forest management 
practices for the entire country which was part 
of t})e Timber Resource Review of the U.S. 
Forest Service^ indicated that productivit)- of 
recently cut lands on industrial holdings rated 
high. Ratings of productivity of recently cut 
lands on larger forest industry properties aver- 
aged higher than on the limited areas of smaD 
industrial ownerships. 

Within the past few years industry has iiuti- 
ated such movements as ‘Tree Farms" and 
'Trees for Tomorrow*’ in which the major em- 
phasis is on growing more trees. These programs 
call for continucais growing of trees on every 
acre of land best suited for that purpose and 
bringing the widest possible area ti^er per- 
manent forest management. 

Industry deserves much credit for having 
practiced sound forest management on so mudi 
land under private ownership during recent 
)ears. This has done much to counteract the 
need for public regulation of cutting practices 
on privately owned thnberland. 

Form Fore$iry. As was indicated in Chapter 
10, 60 percent of the commercial forest land in 
the United Stales is in small private holdings, 

^ Thfibrr Raount Rnieir, dupter XV, Affccl- 

a>g Foti/rr Sappiy Qiolilr d Itaontir Timber.'' 1X5. 
Forest SmSee, WadungtOD, D C., IS^ 


and about one-half of this is in farm woodlands 
avera^ng slightly over -10 acres each, ^^'here 
farm tenure is reasonably stable, the resident 
bnn owner is usually interested in mana^g 
his woodland properly, but, as a group, farmers 
owning small areas are not handling their forests 
to the best advantage. As a rule, fanners having 
a substantial amount of merchantable tiniber 
have sold their timber 'Tump sum” without pro- 
vision for proper cutting. After such liquidation 
of the powing stock, there follows a long w-ait- 
tog period before another safe can be made. 

In view of the economic diffi colries that small 
woodland owners have in practicing forestry, 
it b apparent that added education and technical 
assbtance in forest management and marketing 
are needed. 

There b no one answer to the problem of 
maJdng sound forest conservation a reality on 
a oationwide scale. Hie solution lies in a posi- 
tive. aggressive attack on the problem from 
many an^es, including proper cutting practices, 
restoring forest cover on barren lands through 
planting, more elBcient utilization of wood, 
public assistance in the control of destructive 
fires, insects, and diseases, in education and oo- 
tbe-ground technical assbtance. in continued 
research and demonstration, and the adoption 
by private industry of practices that will result 
in continuous production. Public regulation can 
be justified only when the forest resource b not 
being protected and managed in the interests of 
(be public. 
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CHAPTER 12 

VPhter Supply for Domestic 
and Industrial Uses . 


Th? ivords of an old adago u^ich, although often 
quoted, have seldom d ever been taken literally 
are.- "H'aste not! Want notl ^Ve ne»‘er miss the 
»ratcr until the wU goes dry." No doubt the 
iiniversa] need for miter, its ivorldMldedistnbu* 
tiOR, and apparent inexhaustibility luve led to 
various human attitudes tonards its utilization. 
It is indeed an anomaly (hat a resource that not 
infrequently creates a deluge at ertremely de- 
structive proportioar needs on occasion to lie 
conserved Ikith too little and too much water 
are, in part, the result of the un»vise use of all 
najiiral resources. The universal importance of 
water as a basic necessity of all lorms of life 
makes its utilization a most complicated prob- 
lem of coavn’alion. 

DOMESTIC AM) INDUSTRIAL USES OF 
^ATER RESOURCES 

TIjc various ways in Hhleb water is wlib/ed 
toe such that interests conflict and numerous 
problems arise. AD Lie is completely dependent 
on water, wliicb indudes drinking water for 
man and Ixast, soil water for vegetation, and 
surface water for the habitat of aU types of 
aquatic Ife. On llie other hand, water is a source 


of power, an industrial ingredient, a medium of 
transportatiOD. a waste removal and purification 
agent, as weU as a recreational asset and a 
marker of boundanes. Of this array, domestic 
and industna) uses are but a small port, and even 
these vasy widely from place to place. Domes' 
tic uses consist of at least two major groups 
which can he designated as primary and sec- 
ondary uses. These J lecoroe manifest in areas of 
permanent or temporary water shortage. 

iVimoiy Domestic Uses. By far of greatest 
importaDCv is water lor human convumption, 
drinking W'ster, cooking, and the like, without 
which mankind would perish. Under most due 
conditions of water sliortage this usage is given 
first cwisidcrabou. Dosely akin is &e use of 
water for sanitary purposes. The demands of 
modem civilization for water for personal clean- 
liness. laundry, and other hygienic needs within 
the home and witliin public and private insti- 
tutions are enormous. In continental United 
States in 19G0, KM.GOO million gallons per day 
were withdrawn from ground and surface water 
supplies for industrial, public, and rural usage 
(Fig. I). Public water Q-slems supplied about 
21,000 tnUlIon gaUons daily to approximately 
130,000,000 people with a variation from 100 
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lo 250 gallons per person per day. The average 
for the nation tvos about 147 gallons per person 
per day. Regardless of area or popiJatzoo fiw 
stales wiOidrew more Ilian 10,000 nuUion gal- 
lons dafly, seven withdrew between 5.000 and 
10,000, and ei^teen withdrew between 1000 
and 5000 million gallons daily. Only the state of 
Idaho svithdrew less than 1000 million ^llons 
daily. 

Secondary Domeitic Vsei. The distinction 
between primary and secondary domestic uses 
of ivater, in some instances, is diSlcult to det«-- 
mine. It is obvious that great quantibes of water 
are utilized in the sanitary sewage systems <rf all 
towns and cities, most of which has alreacfy been 
utilized as a primary domestic supply. Addi- 


tional water is necessary to dJute and treat se'"'" 
age or in many cases to cany the treated sewage 
away. 

Water for Ere protection is of greatest ti’’' 
poftance to towns and cibes. Periods of water 
shortage are always threatened with the danger 
of a Severe Ere. l^umerable villages and towns 
as wdl as porbons of many large dtics m tbh 
country have been destroyed by fire because 
their suj^ly of water was insufficient to meet 
the emergency. The volume of water consumed 
is not a crucial factor, since if is very smaD, jIM 
the necessity of having a large flow of water 
available when needed that is the important 
factor for fire piotecbon. 

Clwdy associated is the utilization of water 
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to lay dust and wash debris from cjtysDeelf aj 
well as to flush accumulations from the catdi 
Iwsias of the storm sev»m in periods of d«y 
weather. In the humid portion of the countiy. 
the sprinkling of lawns and gardens and the 
forcing of vegetables by overhead im'^Uon 
Constitute a doracslic type of water ublizalion. 

The ail conditioning of stores, offices, and 
public buildings, as well as apartinent buildings 
and private residences, by -water coolingsystenis 
has placed an extra demand upon water forscc- 
ondary domestic purposes. Some systems pump 
groundwater into the air ctjnditioner and then 
return die svaler to a djy well; tlms the water 
becomes ^oundwater again. 

One of the leaser secondary domestic uses 
of water is for recreational purposes. In the 
present discussion utilization refers to the duect 
consumptiDn of water for tlut purpose rather 
than the recreational uses made of streams, 
lakes, and tire like. It includes the consumption 
of Water for fountains, public and private swim- 
ming poob, and other types of ornamental and 
reaeational uses of water that must come frun 
the water supply. Both indoor and outdoor 
swimming pools have become users of the 
domestic water supply. 

Indufirlal Vies. Numerous lyp®* manu- 
factures require large quantities of water in Oieir 
industrial processes odier than the water con- 
sumed by the employees of the plants. Thus the 
amount, the quality, and the cost of water are 
important factors of industrial localization for 
some types of manufacturing. 

The industrial uses of water fall info three 
broad but somewhat interrelated catepjries: 
(1) water is an Important ingredient of the 
finished product, (2) it is used as an agent for 
coohng. removing impurities, prepanng solu- 
tienvs. tod the like-, tod (3) tt is top^nt In the 
dduUng and removal of industrial waste. 

The several industries using water directly 
as an ingredient of the finished product Indude 
the food canning and preserving industries, the 
beverage and bottling manufactures, the dis- 
tilleries, and commercial ice plants. It is also 
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obvious that these industries v«lU require large 
quanUties of water far deansing. for raw mate- 
rials, for cooling, and for the remov'd of waste. 
The stockyards and meatpacking industries, 
where viater is not important as a direct ingre- 
dient. consume millions of gdlons of water per 
day. whereas a modem distifleiy consumes rnil- 
lions of gallons of water per day for steam, for 
cooling, and as an ingredient. In the making of 
one baiTcl of beer 3(W gallons ol water arc 
required. 

Many other industries, especially paper and 
pulp making, leather tanning, textile manu- 
facturing, bleaching dyeing and printing of 
cotton lertjles, oil refineries, electrical gener- 
ating plants, coke plants, steel mills, and related 
types of industries, use enormous quantiCiesof 
water both as deansing. cooling, or solution 
media, and to flush away industrial waste The 
paper and pulp industries utilize water to wash 
away impurities a.v well as to reduce the wood 
to ^p. In the meclumical grinding process, 
which produces most of the coane paper and 
newsprint, about lfi.00O gallons of water arc 
utiliz^ for every ton of paper produced, and m 
the sulfide and the soda processes as much as 
100.000 gallons of water per ton of paper are 
utilized. A large paper mill uses more water per 
day than a city of 50,000 To refine 1 barrel of od 
18 barrels of water are consuincd. and ID gal- 
lons of water are utilized in producing 1 gallon 
of easdine. 

“The steel industries are tremendous users of 
wafer. T«ve«ty-si.s of the largest Integrated steel 
miOs each withdrew an average of 252 million 
gallons of wafer daily. This water, drawn mostly 
from surface sources is enough to supply a city 
of almost 2,000.000. About 7.9 percent of the 
totid vohune withdrawn is consumed chiefly by 
evaporation. The consumptive use of water by 
industiy as a whole is about 6 percent, (he rest 
returns to the source and reused. Cooling, 
washing scale, reduemg dust and gas, and 
quenching and granulating slag are the basic 
uses si water. In general, 9t percent of the in- 
dustrial uses is for cooling. 
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The associated coke and gas plants also utilize 
enormous volumes of water to cool gas washers 
and to dean the gases as well as to quench the 
coke. As much as 50,000,000 gallons of water 
arc used daily by an individual coke plant. Elec- 
trical generating plants are also great consumers 
of water for cooling and for steam power. For 
each ton of coal consumed in a steam power 
plant, 600 to 1000 tons of water are utilized. 
The estimated daily requirements of fuel- 
electric power generating plants are about 
100,000 million gallons, about one-fourth of 
which IS saline. 

The utilization of water to flush away indus- 
trial waste is usually associated with the pollu- 
tion of streams and rivers. The type of waste 
varies with the industiy, some being more harm- 
ful than others. An important operation in the 
maVdng of rolled and sheet steel, tin plate, svire, 
and galvanized pipe Is the removal of flakes pro- 
duced by the roUingprocess. The best method of 
removing the scale is to treat the steel in an add 
bath, usually sulfiuic acid. The removal of the 
oxide scale by the acid reduces the bath to an 
aqueous solution of free add and metal salt. The 
problem of die disposal of industrial waste is 
enormous, and the amount of water used di- 
rectly and indirectly probably cannot be esti- 
mated. 

Numerous other industrial demands are made 
upon the water supply, especially to operate 
hydraulic mechanisms. The sooUed by^ulic 
water under a pressure of 750 pounds is userTin 
steel mills for the removal of s<^e as wdl as for 
operating hydraulic mechanisms that c^n and 
close furnace doors and move other heavy 
pieces of equipment. Large quantities of wafer 
are also used in connection with the pumping of 
salt, sulfur, and some oil wells, as wdl as in 
petroleum refining. 

SOunCES OF \rATER SUPPLY 

The amount of water utilized each day for 
both domestic and industrial purposes imme- 
diately raises the question of the supply, its 
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amount, and its quality as well as the proba- 
bility of an adequate and continuous supply. 

With the exception of the connate and mag- 
matic waters our water supply falls as some form 
of prempitatioR. Thus in general the supply is 
related to distribution of precipitation. The map 
(Fig. 2) indicates the unequd distribution of 
precipitation over the United Stales. In general, 
east of the 100th meridian the precipitation is 
adequate, increasing from 20 inches per year 
on die Great Plains to 50 to 60 inches on the 
East coast and 60 to 80 inches on the Gulf Coast. 
Westward, except on the Pacific Nortiiwest 
coast where the rainfall is very heavy, precipita- 
tion decreases to desert proportions over much 
of the Intermontane region. Of the predpation 
that falls. 71 percent is evaporated from the sur- 
fece to the ground. The amount thus lost de- 
pends on the temperature of the air, the nature 
of the surface, and the vegetational cover on 
which it falls. A portion is absorbed by the sur- 
face materiab of the earth, and a portion drains 
off to the sea. Ihe water that enters the surface 
of the earth, and the water that flows off or 
remains on the surface, are the two sources of 
svater for domestic and industrial uses. 

Surface ffaier. Surface water or runoff i* 
available in three forms: streams and rivers, 
fakes, and reservoirs and tanks. Tlie larger Ihe 
area drained and the heavier the predpitation 
the la^r is the volume of the master stream, 
Although streams and rivers are an important 
supply of domestic and industrial water in the 
buroid part of the United States, most of the 
large reclamation projects, which furnish water 
for imgation and hydroelectric power as well 
as domestic water, are in the seouarid and arid 
portion of the country. 

Inland fresh-water lakes, especially the Great 
Lakes, are outstanding sources of water for the 
many to»ns and ojtwf shag the/r shores, as arc 
many of the smaller lakes m the glaciated por- 
tion of the Umted States 

The impounding of water of a inbutary 
Aream is a common practice of ensuring a water 
supply; reservoirs and tanks are used to store 
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nuioff, usually rcl’encd to u “rain or storm 
ttuter” to supplement the water supply. 7 Tj«<‘ 
range in size from the c/stem a«<l rain larrc} of 
humid lands to the rcsenoirs designed to 
hnpound meeting snow and slam* »v8lcr to pso- 

vkie a domestic sirppl)' as well as Walter for siodc 

and iirigalion In the semiarid lands of the West. 
In Ibe mnd arras of the United Slates. Uie 
"dniiUng" water well and the cistern or soft- 
water pump arc coasjtlcuous features of the 
water supply of each home (Fig. 3). 

Croirnriirdfer. The precipitation that soaks 
into die earth percolates downward through ll* 
uncoasolidated soil and mantle rock andtntolbe 
crevices and interstices of the underlying bed- 
rock until a depth is readied where Uie density 
of the rock and die lack of crevices prdwWt 
any further penetration. The greater portion of 
rock porous enou^ to contain water Is within 


a few hundred feet of the surface. The ground- 
water » maintained hy die portbn of predpita- 
Hon that seeps into the eartij. If the water is not 
of sullioenl volume to till all die inlenbces. the 
upper portions of the mantle rock may be damp 
while ^e areas below are saturated. The upper 
Umit of the saturated zone is known as the 
"groundwater table.” 

The groundwater table or groundwater level 
is not a horizontal surface, nor h it at a constant 
depth lielow the earth’s surface. The water table 
le^s to assume a position between true surface 
configuration and a horizontal surface. Thus the 
water taUe ft close to or at die surface of the 
ground in the valleys and at greater depths from 
die surface beneath the hills. Likewise the water 
taUe IS at greater depths in subhnmid and dry 
regions or after lengthy periods of drought in 
humid regions; whereas in humid regions. 
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The relationship of population density and 
distribution to humid climate conditions in the 
United Stales is dear. Most of the cities of the 
metropohlan group are located on rivers or 
lakes Aat may be utihzed as a source of domes- 
tic and industrial water. 

Conspicuous among the dty groups are those 
associated with the Great L^es and with the 
Mississippi drainage sj-stem. Less con^icuous 
are the assodations of the cities with the streams 
of the Gulf and Atlantic Coastal Plain, and those 
of the Pacific Northwest and the mountains. 
Thus only a few of the dties, those in the semi- 
arid portion of the country such as Los Angeles. 
San Diego, and Salt Lake City, and those on 
ba^-s and estuaries along the seacoast, such as 
Boston and New York Oly, have insuSdeot sur- 
face water supplies in their immediate environs. 
Although all urban groups have innumerable 
problems oonc«ning the conservation of their 
water supply, these dties have the added prob- 
lem of ensuringan adequate suppl)'. 

Los Angeles, the only dty of over 1,000,000 
outside of the humid section of the United 
States, is entirely dependent on a water supply 
from beyond Its local area, in part beyond the 
hmit of the state. The Lxk Angeles River was the 
ori^nal source of water for the first 125 years of 
the city's existence. By 1908 efforts were being 
made to increase the water supply rince the 
growth of the dty was limited by the local water 
supply. In 1914 the Los Angeles aqueduct was 
completed to the Owens River east of the Sierra 
Nevadas 238 miles away. At a cost of $25,000,- 
000 the water was brou^t by canal, siphon, 
and tunnel across the desert and uQd» the 
mountains into the Los Angeles basin. Since one 
of the conditions by which the water of Owens 
Lake ivar obtained was the requirement that all 
the water be used withm the city, Los Angeles 
enlai^ed hy iocoiporating 50.000 acres of the 
Saa Fernando valley immediately north of the 
dty. The population of the dty increased to 
more than 500,000 by 1920. Additional water 
w-as secured from Mono Lake north of Owens 
Valley. By 1930 the population of Los Angdes 
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had passed 1,000,000 with another million peo- 
ple in the metropohtan district of the basin. 

In 1934 the Colorado Compact was ananged 
to secure an additional supply hom the Colo- 
rado River at a cost of $220,000,000 to the 
Metropohtan Water District of Southern Cali- 
fornia. which indudes fourteen other communi- 
ties including San Diego, and supplies a popula- 
tion greater than 6.500,000. The water from 
Lake Havasu above Parker Dam, 155 miles 
below Hoover Dam, is conducted througji 241 
miles of aqueduct. There are 92 miles of tunnels, 
and the water must be raised 1617 feet by five 
pumping stations operated by electric power 
generated at Hoover Dam. Several new lines, 
pumping stations, and reservoirs have been 
added to dutnbule the water. 

The water table has been lowered to more 
than 75 feet below sea leveL Desalted seawater 
has been offered as a supply and distant sources 
have been suggested No doubt supply wiD be 
exceeded by demand by the end of the centuiy, 

Within the humid portion of the Unltri 
States the New York metropolitaD district is 
the largest that must teach out for a sufficient 
domestic and iodustrial water supply. The 
Ringewood system supphes groundwater from 
an elaborate system of infilttation gallenes laid 
10 to 15 feet below the water table for 6 miles in 
the ^dal sands of lamg Island. 

Wells on Staten Island produce about 10 mil- 
lion gallons per day as compared with 100 nul- 
lion gallons from the Ringewood system. The 
other systems, nhich are the main sources, 
supply surface water impounded in reservoirs. 
The oldest is the Croton River watershed with 
twelve storage reservoirs and six impounded 
lakes with a total capacity of 103 billion gafions, 
the largest of is Croton Lake wilh 34 

fadlioo gaOons capacity. In Westchester County 
south of the CroiDD waf/ushed are the Bronx and 
Byram rivers, Byiam and Wampus ponds, and 
the 30-biIlioD-gallon Kensico Reservoir. In the 
Catsloll system, the Schoharie Reservoir with a 
charily of 20 billion gallons is connected to the 
Ashokan Reservoir by the Shandaken Tunnel 
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The Ashakan Reservoir has a capacit)' of 130 
liiBion galloHs and um in use in 1915. Tlie 
CatsksU Aqucducl connects il with the Kenslco 
Reservoir 17 miles north of the dly from which 
the water comes to the city, 

In laSO (he State of New Jersey attempted 
unsuccessfully to enjoin llic Slate ^ New York 
from diverting llie water of the Delaware RWer 
for an additional water supply for New York 
Oty. In lO-lS the Delaware-Roudouf and Dela- 
ware Aqueduct system was developed In tlie 
walersbi^ of the East Branch and Neversink, 
tributaries of the Delaware, and die Rondoul, 
tributary of the Hudson. Because of the water 
siiortagc in Nciv York City in 1050, an emer- 
gency station with a capacity of 100 miUion 
gallons per day was set up to pump water from 
the Hudson Riser into die Debsvare River 
Aqueduct. In lOdl clroti^C reduced reservoirs 
to about one-third their normal supply. Metered 
water to tlie three-fourths of the water users 
now on estimated coasumptlon liasis might help 
conserve the supply. 

Boston, having outgrown die supplies of the 
Framln^iam and Waclnuctt reservoirs, receives 
an additional water supply from the Qualvbin 
Reservoir in the Connecticut valley. likewise 
the State of Connecticut filed a liill of complaint 
with the Supremo Court against the Common- 
wealth of Massachusetts for planning to divert 
the waters of (he (rihiitaries of the Connecticut 
from their natuial Row into diat river. 

Ollier cities on secondary streams have en- 
sured themselves a supply of surface water by 
impounding the rivers. Those cities on the major 
rivers and on die Great Lakes pump ihdr water 
directly from the source with less danger of the 
supply diminishing acutely. Chicago and Mil- 
waukee draw their water direclly from Lake 
Michigan, Duluth, from Lake Superior; Detroit, 
from Lake St. Clair; and Toledo, Geveland, and 
Buffalo, from Lake Erie, whereas Syracuse takes 
its water from Skaneafeles Lake and Rochester 
from Hemlock and Canadicc lakes. 

Wells supply all the water for 150 cities with 
populations of 25.000, a dozen or more cities 
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Indiiding Hoaston, San .Antonio, Miami, <ition 
ton. atul W’khita are In the nielropolitan jynujjy 

Tlic surface supply of New York Dty, Los 
Angeles, San Francisco, Indianapolis, Colum- 
bus, Ohio, Louisville, Kentucky, Pitlsburgji, 
Pcnnsylvana. and 5(. Lands, Missouri, are siip- 
plementtd by well*. 

Second and 77drd Croups, The remaining 
population of the United States lives in tow-ns 
and dues with less tlian 100,000 population and 
on Inrbvjdiul farm steads. Tlic water supply for 
this portion of the population is obtained chiefly 
from groundwater. On the farms and in the vil- 
lages Individual w«IU arc pumped by hand, 
windndD, gisohne engme, or electric motor. 

In the larger towns and small cities the Indi- 
vidual wells have given way to water companies 
or municipal water systems. As the demand for 
domestic and Industnai water has increased, 
groiindwoler has not been adequate and many 
small dties have added surface supplies 
pumping directly, if they were located on Urge 
rivers or lakes, tiy impounding small streams, or 
1^ {uirchasmg water from nearby large eftiee 
tlial already had established an adequate surface 
supply. Mountain towns depend on the melting 
snow and rain to keep open reservoirs filled. 

Although more than 75 percent of the munic- 
ipal water systeins in ihe Midwest, lower 
Mis$issi(q>i V^Iey. Gulf Coast, Southwest, and 
New Jers^ and Delaware on the Atlantic coast 
depend upon groundwater for their source of 
supply, aliout 53 percent of die communities 
with populations of 10,000 or more depend on 
surface supplies only, 28 percent on ground- 
water only, and 12 percent on a combination of 
both. Le« than ^ percent of the nation’s 
prqrulatlon supply their owm water, with about 
one-fourth without running water. About 2000 
million galloas are for domestic uses and the rest 
for livestock 

CONSERVATION RRORLEMS 

The two major conservation problems affect- 
it^ water for domestic and industrial purposes 
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Tli^ ^vatcr a\‘aibt>1e and its quality 

dis^ ^ r whidt it (5 to lie mod. It it 
' InAtiom that llie entire pro- 

BscrtiUon rests. 

«w-n and ninnins; water lor 
• jlus I>ecn made as'ailaltic. the 

, ^ ption )us risen. With lubani- 

zation came tremencbiLsIy increased utSiaatlon 
of water for indiutrial purposes. LAewise the 
prater numher of pocqile and especiaSy thetr 
concentration in urban proupinp have caused 
a problem of sewage disposal which together 
with industrial wa-ste has helped to poUulemany 
of the caisling sources of water supply. The con- 
ditions of deforestation, erosion, floods, and 
dedining water tables are also conlnfwling fac- 
tors in the complete conservation problem. 

I’of/urioR. TV disposal of sewage and indus- 
trial waste is an important problem of water 
conservation especially in the metropolitan dis- 
tricts. Creat lAes cities draw domestic water 
from (he takes and return sewage to them: Chi- 
cago discharges sewage into the Sanitary Canal, 
dilutes it by water diverted from l-alre Michigan, 
and then the Illinois fUver delivers the aty's 
waste to the MisdssippL TUver cities draw- their 
domestic supply from the river above the town 
and return the sewage, partially or entirely ur»- 
treated. into the river below (he city. Industries 
likewise withdraw' water for numerous industrial 
uses and return various t)'pes of Industrial waste. 
The Ohio, the largest of the interior rivers flow- 
ing through the populated, industrial portion of 
the United States, is our most utilized river. 
From Pittsburg at its source to Cairo at the 
Mississippi confluence, it is lined w-ith industriai 
and commercial cities and towns, all of wliidt 
draw their water supplies from the river and 
return domestic sewage and industrial waste. 
The tributaries of the Ohio are likewise utilized. 
The Mahoning River, which fiovvs throu^ the 
Youngstown, Ohio, steel district, is so eiten- 
dvely used and reused that the hot. rusty liquid 
has little resemblance to a river. 

TUE Oino RIVEIl VALtEY SANITATION COSlPACT. 

With the industrial and commercial devel<^ 


ment of the Ohio River Valley, Lke that of many 
other valleys in tlie United States, has come 
increased utilization of the water In the streams. 
The Ohio is used for commerce, particularly for 
a heavy barge tiaflic in cool, sand and gravd, 
and iron and steel products. Many industries 
require mormoiw quantities of water in tlieir 
industrial processes or for cooling. 

The Ohio is the source of water for culinary' 
purposes of the people who Inc in cities that 
are located on the river. These same dties dis- 
pose of their wastes by sliKhargfng them directly 
into the river. In times of droof^t when the 
river is low the conditton of the river becomes 
a menace to health. 

Although an average of more than two biHs 
pet year concerning water pollution was intro- 
duce in Congress in the past century, the ^^aler 
PoQutjon Act was adopted in I&IS. and on June 
30. IIMS. the Oliio River V*l)ej' AVater Sanita- 
tion Compart was ratifled by Ohio. Indi a n a . 
West Mr^nia. New York. lUiooU, Keotuck)', 
Pennsylvania, and Virpnia. The cooperation of 
the several states can do much to reduce the 
poDuUon of the Ohio and its tributaries. 

Alihou^ flowing water exposed to the sun- 
lii^it and air tends to purify itself, theproWe® 
of pdluUon has become more complex as domes- 
tic and industrial uses have placed an ever- 
Increaring drain on the volume of water. Sewage 
and industrial wastes have increased enor- 
mcoidy; aquatic life has been partially destioj ed, 
silting due to increased erosion has been ac- 
celerated; and floods and drougjitii have become 
more acute, produced in part by deforestation 
and improper utilization of the watersheds. 

It has long been known that poDuled water 
tesources were among the most dangerous of 
disease carriers. Typhoid fever is one of the 
epidemic diseases tlat has been traced directly 
to the domestic water supply. 

THE WATER FAfTTimEs ACT. A Cabinet 
Committee was appointed by President Eisen- 
hower on May 26. 1954, to review all water 
pcJicies and programs, to assist in the coordma- 
tiwi of activities of the vanous government 
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agencies concerned with water, and to con^der 
national legislation on water. Neariy three 
months later the ^VatCT Facilities Act was 
signed liy the R-esident on August 17, 1951. 
Every state has set up some agency or division 
to work on water pollution problems, and re* 
search organizations have been established hi 
many types of industries to £nd ways to treat 
waste, purify waste water, and reclaim usable 
materials. 

At the National conference on Water Pollu- 
tion in December, 1960, it was pointed out that 
cities were having great difficulties In keeping 
abreast of the ever-increasing amounts of sew- 
age while trying to cut the backlog of untreated 
sewage from existing sewers. Industry svas hav- 
ing an even greater problem keeping upwitb 
ever-increasing production. In the United States 
untreated sewage from 22 million people is dis- 
charged yearly, over 60 percent of which occurs 
In the liver basins of the Northeast, North 
Atlantic, Ohio, and the Southeast. 

Punficadon of water and the processing of 
sewage and Industrial waste are two of the im- 
portant steps in the program of conservation of 
surface water, since sewage and industrial waste 
in the nvets and lakes are among (he mafor 
causes of pollution. Beginnings have been made 
to process sewage and industrial waste, returo- 
ing only harmless residues to the streams and 
lakes. If these processes are carried to their logi- 
cal ends, reclahning usable materials from indus- 
trial waste and producing fertilizers from sew- 
age, otjy pure water would be returned to the 
streams and lakes, and one of the eotaeryaVon 
problems would be solved. 

Because most surface water fa polluted, do- 
jnesVe supplies taken from stfesuns and lake 
are purified according to the nature of the pollu- 
tion. Because the water of the Great Lakes is 
potable in its natural state, the cities drawing 
their water supply ftom the lakes have placed 
their intakes far out in the lake in deep waterto 
overcome in part the pollution from sewage and 
industrial plants along the lake shore. Most rivers 
have a much higher degree of pollution, and 
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more extensive purification and sterilization 
processes must be followed than are necessary 
in the lake cities to ensure clean, tasteless, pure 
water for domesbc use. 

Among the numerous processes tliat have 
been developed to remove the various undesir- 
aMe and dangerous substances from water of 
poDuted sources that are intended for domestic 
consumption are sedimentation, coagulation, 
filtration, aeration, chlorination, and coppering. 

River water fa usually turbid or muddy from 
the amminl of material carried in suspension by 
the fiowing water. The more excessive erosion 
beewnes. the greater fa the problem of dealing 
with turbidity, the silting of reservoirs, and the 
hfcc. Turbidity ranges all the way from 100 to 
5000 parts of suspended material in a million in 
the varicnis rivers of the United States. 

Much of the suspended material fa removed 
from turbid water in settling basins, after which 
sulfate of alumina fa introduced to coagulate 
organic matter and entangle bacteria. Turbidity 
fa further reduced and harmful bacteria are 
removed by both mecbanical and bactenal filtra- 
tion. Odor and taste due to the destroyed bac- 
teria are removed by aeration. Coppering 
prevents the growth of algae, which tend to 
cause taste and odor in the water. Especially in 
water that has not been subjected to other proc- 
esses of purification chlorination serves as a 
germidde and effecbve safeguard. 

The water supply for both domestic and in- 
dustml purposes of almost all communities 
must be treated in some way before it is used 
Of the communities of 25,000 or more in the 
Urrited Stales served by organized water supply 
systems, all use chlorination processes. Chlonna- 
tifMi alone is used in only 26 percent of the com- 
munities. filtration is added to chlorination in 
29 percent, wftening fa included in 17 percent, 
and various combinations with chlorination are 
used in 28 percent 

Fluoridation has been a source of great con- 
troversy in recent years. It fa not a problem of 
destroying impurities in the water but in adding 
fluorides to the human body. 
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Mineral Content. Groundwater supplies, 
especially from deep wells, are less likely to Ire 
polluted but usually present ts'O equally per- 
plexing problems, is the presence of min- 
erals in solution in the water; the other is a 
diminished supply due to falling water tables. 
Much of the groundwater, as well as sorrte sur- 
face water that has been in contact with cal- 
careous material, contains magnesium and 
calcium salts and other soluble material in soht- 
tion in suffidenl quantities to cause the water to 
be hard and therefore less desirable for many 
purposes. Hardness is a measure of the calcium 
and magnesium salts in solution in the water. 
Soft water contains less than 60 parts of salt per 
million; temporarily hard water contains from 
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60 to 120 ppm, and permanently hard water 
contains more than 120 ppm (Fig. 4). 

Temporary hardness may be removed by 
^ple softening processes, but permanent 
hardness carmot be removed without extensive 
and bkewise expensive permutate operations. 
Municipal or water company softeners are some- 
times employed, but in most towns and dbes 
depending on hard groundwater the softening 
is at the discretion and expense of the user. Soft- 
water services have been established in hard- 
water communities, both the softener and the 
regenerating service being conducted on a 
rental basis. Since hard water does not permit 
the proper detergent action of soap, it is not 
desirable for household purposes or for laun- 
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dries. Likewise vanous Ijpes of textile mills, 
breweries, pholographic estabUshments, and 
steam boilers, require large quantities of soft 
water. 

Since the development of the atomic energy, 
fallout, especially stronliunv-dO, has become a 
contamination problem. In excess it !s c<m' 
sidered liarmful to people and detrimental to 
certain industrial activities. More than 1 ppm 
exists in the streams of western Texas and Okla- 
homa and southeastern New Mexico and Ari- 
zona. The lowest concentration, less than 0.1 
ppm. Is in the Pacific Northwest, Central Valley 
of California, and Southeastern l/nited States. 
The rest has a concentration between 0.5 and 
O.l ppm. Tlic presence of nonradioacUve natu- 
ral strontium complicates the retnoval of stron~ 
ttum*90 from surface water. 

Manganese, iron, sulfur, and sodium chloride 
are other harmful or undesirable mineral prop- 
erties of groundwater that affect the taste or 
odor of the water. Sulfur water and salt water 
from deep wells are not potable but are suitable 
for cooling. If the salt water is dense enough, the 
brine js usable in the chemical industry. Sulhtr 
w-aler is sintable for air-conditioning plants. The 
spent water, however, is or should be returned 
to a diy well rather than the sewer. 

The substitution of chemical detergents for 
soap has caused problems In water supplies. 
Since the detergents do not break down as soap 
does in sewage treatment, great quantities of 
suds create problems in surface water into 
wluch treated or untreated sewage charged with 
chemical detergents have been discharged. 
However, the detergent may have certain bene- 
ficial effects at the sewage disposal works. 

Declining Water Tubie. One of the conserva- 
tion problems confronting towns and cities that 
depend on groundwater as a source of supply u 
the declining level of the water table. EspeciaOy 
in the dry regions where numerous wells tap the 
groundwater for both domestic and irrigatko 
water, the level of the water table has fallen a 
number of feet, making it necessary to deepen 
many of the wells. In humid areas bkewise 
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^ouodH’ater is being removed faster than it is 
being replaced Iry precipitation. Similarly, the 
l^drostatk: pressure of artesian wells has been 
r^uced until some of them have ceased to flow 
above the level of the ground. 

Any well drilled into the groundwater and 
pumped continuously lowers the water table 
in a great cone in the vicinity of the well Into 
which the water must percolate from the sur- 
rounding area. If the water-bearing formation is 
composed of coarse, porous material the water 
wd! flow in rapidly, but if it is fine-grained ma- 
terial the replacement will l>e slow and it will 
be refaOvety easy to pump the well dry tempor- 
arily- Thus it is necessary to drill a series of wells 
at rather widely spaced intervals to ensure an 
adequate water supply for a torvn or city en- 
tirely dependent on wells. More and deeper 
svells are drilled as the demand for water in- 
creases, and many communities turn to surface 
water for their supply, 

About 70 percent of the population of the 
United Stales depends on pubb'c wate^supply 
systems that utilize both g^ound^vater and sui- 
fece water to supply about 21,000 million gal- 
lons per day (Fig. 5). Of this group 58 percent of 
the systems himishes an adequate supply of 
water at all times for 51 percent of the people. 
About 32 percent receives an inadequate supply 
all the time or must expect periodic shortages 
and restrictions in water use, and 17 percent 
depends on an uncertain supply. With the rapid 
increase of population and the rising industrial 
demand, adequate water for domestic and in- 
dustrial uses will be a continuing problem. 

CONSERVATION AITITUDES 

The problem of water conservation is not one 
that con be solved independently of the con- 
servation of the other natural resources. It is 
possible to restrict the use of water by various 
devices of metering checking leaks, and raising 
the pnee. Allhou^ desirable and necessary at 
times and in vanous places restricted use is not 
a sdiubon. 
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Fig. S Ceoertliud disgrim of the autnereiu proceoes that have bna drvtsed Is rvmes* 
uadesinble and dangeonu lubitancet from water (hat fa unsafe to d>e ustreated stale. 


The total volume of water wWI aiwa^-s de- 
pend on the amount that falb as predfritaQon, 
whereas the available surface and groundwater 
wiQ depend on the nature of the earth's surface 
materials. Sufficient forest and grass cover wiD 
retard runoff and ffoods, reduce erosion, and 
raise the level of the groundwater. With a 
proper balance of evaporatiaD, runoff, and 
grotmdwater maintained by adequate reforesta- 
tion and soil conservation programs an enduring 
source of water for everything but the most 
fantastic demands can be ensured. 

To complete the conservation program the 


problem of pollution must be solved by dispos- 
ing of domestic sev.'age and industrial waste in a 
manner that wiH not contaminate water sup- 
plies. The best conservation program to ensure 
a water supply for domestic and industrial pur- 
poses is a good reforestation and natural vegeta- 
tion program, an intelligent soil conservation 
pro^am, an adequate flood control program, as 
well as an enli^tened wildlife conservation 
program, for they are all the same — the intelli- 
gent and continuous utilization of our natural 
resources. 
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CHAPTER 13 

Jfhter Power and Its Conservation 


In the cultural evolutloo of man ho lias striven 
to gain mastery over his environment, and in a 
large measure hJs achievements reflect an in- 
creasing use of mechanical power. In primitive 
societies man was limited to the strength of his 
own muscles. But in due time the domestication 
of animals gave liim greater power and, as a 
consequence, increased contnTl over his en- 
vironment. The wheel, the lever, and other 
simple but fundamental inventions made pos- 
sible the mechanical revolution which was to 
come. In a period of human slavery the man 
power available in a community or in the pos- 
session of a slaveholder was a measure of eco- 
nomic strength. It may be significant that the 
liberation of human slaves came when 
mechanical power was multiplying man's con- 
trol over nature. Gradually and inevitably the 
work of the world was sliifted from the muscles 
of man to the untiring machine driven me- 
chanical power. No longer was man power, 
particularly slave power, at a premium; hence 
die slaves could be given their freedom. 

fTaier I'oirer and Ihe IljrJrologic Cyele. 
In the operation of the hydrologic cycle, water 
that falls upon tlie land returns to the sea from 
which it was derived ori^nally. In its return ft 


fiilitUs its destiny, and man m his understanding 
of Uie way's of water may make full use of this 
essentia} resource. Wherever precipitation falls 
upon elevated areas potential power is available 
along the streams, depending on the quantity of 
water and Ihe dechvilies along the watercourses. 
As long as the energy of the sun continues to 
evaporate the ivaters from the seas, and the 
vapor-laden winds penetrate the continents 
deeply, tiie precipitation that falls in elevated 
areas will flow back to tlie sea. This perennially 
rerrewable power resource should be developed 
wherever it is economically feasible, so that the 
nonrenewable fueb may be conserved fur future 
generations. 

Frontier America and the Earlj' Derelop- 
ment of Hitler Potter. The aboriginal Ameri- 
cans who lived along the watercourses used the 
streams for their personal needs and for trans- 
poitetion, but they were unmindful of the power 
available m the rushing waters. The estabhsh- 
ment of the colonies along the Atlantic seaboard 
preceded the great mechanical ro'olution The 
early settlers, although they were compelled to 
Uve under relatively primitive conditions, 
brought to America a greater understanding of 
Ihe valtw of resources than that possessed by the 
251 
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Indians. From New England to the Piedmont, 
farms were being deared, homes built, and at 
favorable locations water wheels were installed 
to utiliae the local power resources. Many of 
these first-used power sites proved to be of tem- 
porary usefulness; others helped to localize 
settlements and to develop them into important 
null towns. 

Frontier America and Ihe Tfhter tfheel. 
Almost as soon as the colonists set foot on Amer- 
ican soil they turned not only to the land for the 
production of food but also to the watercourses 
as a source of posver. As people moved from the 
seaboard westward across America to settle 
along the moving frontier, they developed the 
power sites to turn the wheels of pioneer indus- 
try. These little water wheels at numeruos power 
sites ground meal and sawed the timber into 
lumber. These were the important industrial 
products of the frontier. Larger wheels at the 
more important power sites, often requiring 
the comlructlon of dams, replaced the little 
water wheels. Here was a division of labor and, 
that, a division of responsibility. The fanners 
ivith their greater concern about food produc- 
tion were clearing the land and cultivating the 
fields and generally were changing the character 
of the headwater area so important in maintain- 
ing a regular supply of water power. Dams were 
built to provide the necessary head to turn the 
water wheels, but the reservoin were soon rilled 
(tp wicli the fertile soil from the farms in ihe up- 
stream areas. 

Eventually many of the old mills were aban- 
doned. It was cheaper to use the more reliable 
steam engine which burned coaL The develop- 
ment of transportation made coal rriabvdy 
easy to secure, and the local water wbeek 
dined in importance. But the moving frmtier, 
as it progressed westward across America, gave 
the waler wheel a temporary place in the 
economy of the pioneers. 

f'rolulion of the Uhler UTieel. The manner 
in wli/ch power was first utilized is im- 

bnown to us, but available evidence indicates 
llial the first water wheels were crude donees. 
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Probably the first was simply a paddle wheel 
wiiich turned slowly in the current. The elB- 
deniy of such a water wheel was only 3 or 5 
percent of the total available power, and in time 
the undershot wheel wduch had an effidency of 
25 to 30 percent was developed. The moving 
water was confined to a flume or channel con- 
structed so that the paddles received the full 
impact of the moving water. The effidency was 
further increased to 50 or even 70 percent svhen 
the fiume was deepened so that the full surface 
of the paddles received the impact of the moving 
water. This Is known as the “breast wheel.” 

A more effident use of falling water was made 
possible by the development of the overshot 
wheel which utilized a system of buckets so that 
little energy was lost. The best wheels of this 
type were SO to 85 percent efficient and were 
\ride1y used in the early part of the nineteenth 
cenft^. 

Gradually the overshot w-hee! was replaced 
by the water turbine, which, after a number of 
improvements were made, utilized the energy 
of falling water more efficiently, particularly at 
the large power plaots. The old overshot water 
wheel used a head of no more than 40 feel, but 
the tuibhie made possible the use of a head up 
to 1000 feet. Many of the old water wheels are 
still turning the wheels of industry and give 
some indication of their efficiency and their use- 
fulness in certain power situations. But the 
modern turbine is more satisfactory for the utih- 
zation of the power available at large dams. 

The Sfeam Engine. With the invention and 
development of the steam engine, the stage was 
set for coal-generated steam power to dwarf the 
power generated from falling water. The »vbeeb 
of industry still were turned by water power, but 
steam power became incrcasin^y important 
durmg the nineteenth centmy. By 1900, 70 per- 
cent of the total mechanical energy produced m 
the United States was derived from bituminous 
coal, 20 percent from anthracite, 5 percent from 
petroleum, and 3 percent from water The re- 
maining 2 percent was contributed chiefly li) 
svind and animals. This gives some indication of 
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the relative position of »«'ater power among the 
other power resources. In the more than 60 
years since the turn of the century the propor- 
tion of the power developed from coal fas de- 
clined to less than 25 percent; petrolewn has 
risen to approximately 35 percent; natural gas 
supplies ^ percent; and Nvater power yields 
otjy 4 percent of the total power developed (see 
Chapter 17). 

THE ECONOMICS OF VTATER.POWER 
DEVELOPMENT 

Considered from a purely physical point of 
view the total amount of svater power available 
along a watercourse or in a partiailar re^n Is 
related to Uie quantity of water available In the 
streams, the vertical fall of the water, and the 
efTidency of the water wheels or turbines used 
In the development of the power resource. The 
gradient of a stream may be so gentle that power 
sites are limited and the necessary head difllcult 
to obtain without the construction of expensive 
reservoirs. Another stream dischargiag a dmilar 
quantity of water may have a gradient charac- 
terized by long reaches of low fall interrupted 
by rapids and fells where power development 
is economically and phyxic^y feasible. The sea- 
sonal irregulanty of precipitation may set defi- 
nite limits to the utilization of a stream for power 
purposes. The dams and other engineering 
works necessary for the full uUlization of a 
stream for power may affect adversely the use of 
the stream for navigation and other purposes. 
The physical characteristics of a stream should 
be thoroughly examined in terms of the several 
purposes for which water may be used Immedi- 
ately and prospectively when the stream is fully 
developed. 

ffbler Potter and the Localijalion of Indus' 
try. Before the invention of the steam en^tie or 
the development of electric generators and 
rao^oTs, power from falh'ng water led to the loca- 
tion of many manufacturing estabhshments at 
the power sites. Many of the older industrial 
• cities of the United States were founded at the 


rfver’s edge and at the falls or rapids where the 
power could be used directly in manufacturing. 
Throughout New England and in many oilier 
sectionsr of the country the power-located cities 
have continued to grow, although today little or 
none of the power is used direcUy. 

Aftbou^ the invention and development of 
the steam engine resulted in the abandonment 
of many water-power installations, riverside 
location was still important, for It was easy to 
obtain ivater for the boilers or for manufacturing 
processes. In some areas, such as the Ohio Val- 
ley. important quantities of coal are still trans- 
ported by tvater. The steam engine produced 
power for direct use in industry and eventually 
became relatively more important than water 
power. Where water power continued fo be 
used the supply was too restricted to meet the 
needs of the fiourishing industrial cities. Many 
dties in the older sections of eastern Umted 
States were founded at a water-power site, de- 
veloped and expanded under steam power, and 
now are making use of both and of other sources 
of power. 

Efeeirieily and Hofer Power. The electrlB- 
cation of industry and transportation in the lat- 
ter part of the nineteenth century and the first 
quarter of the present century permitted a re- 
valuation of the localization factors. No longer 
was it necessary to locate the mill at the water 
wheel or adjacent to the boiler which generated 
the steam. Within limits, which have been 
gradu^y extended, electrical power could be 
generated in one place and transported by high 
tension lines to the power-consuming centers. 

The generation of dectrfc energy from falling 
water makes possible the utilization of the 
power several hundred miles from the place 
where it is needed. Many of the most important 
power sites are located in or near mountain 
areas, but the places where the power is needed 
may be many miles away. 

Tyansmhaion of Electrical Potter, Jo the 
eariy stages of electrical power development the 
distribution of current was confined to the local 
areas where it was generated. Many small and 
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large communities were served by po^ver|dants 
located at the waterfalls of a through-flowing 
stream. In others the electric current was steam 
generated In either event the distribution was 
usually confined to the local municipality or to 
some industrial or private consumer. Localiza- 
tion of use was related to technical limitations, 
to long distance transmission, and to escessive 
costs of the lines in terms of anticipated returns. 

Progressively through the years the transmis- 
sion distance increased unhl power generated 
al a central station could be distributed toa con- 
suming market 200 or 300 or, m particular situ- 
ations more than 500 miles away. Transmission 
distance has increased with technological im- 
provements in the electncal field, the develop- 
ment of major blocks of power in remote areas, 
and the necessity of delivering electric current 
to a distant market, as in the case of surplus 
power produced at the Hoover Dam, at Grand 
Coulee, at Chief Joseph, at The Dalles, at Bon- 
neville, and at other large public projects in the 
West. The local market can utilize only a small 
proportion of the power generated. As a conse- 
quence large blocks of power are available for 
delivery to the major populated areas (o Wash- 
ington, Oregon. California, and in otherpower- 
defiaent areas in the West. 

Inlerconneelion of Electric Patrer Facili- 
lie*. The expansion of certain electrical facilities 
resulted in the absorption of smaller and finan- 
cially weaker systems. These consobdations 
generally improved electrical service by provid- 
ing greater diversity of load, a reduction of costs, 
and greater flexibility within the system. Hw 
inlegrahon of local units into major power sys- 
tems leads inevitably to interconnection wil^'n 
the major systems. In spite of certain charges of 
monopoly and the concentration of financial 
control in a few hands, interconnection operates 
In the best interests of consumers. 

The Federal fbwer Cbmmission has encour- 
aged interconnection. During the war years, 
and particularly in the postwar period, the ifc- 
mands for electric power have tended to expand 
faster tlian could be met by the utilities. In cer- 
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tain areas the supply and demand have been es- 
sentially out of balance, so that interconnection 
became a virtual necessity. The national welfare 
is dependent upon the willingness of the private 
and the public power interests to cooperate in 
order to secure the benefits of interconnection 

The mterconnection of power-producing sys- 
tems is not a new concept in the transmission of 
electric energy from a producing area to a 
power-consuming area. Extra high voltage 
transmission now makes it possible and eco- 
nomically frasible to cany the power up to 
distances as much as 3000 miles. Long-distance 
transmission makes it possible to locate the 
generating facilities at or near the mine mouth 
in the coal areas or at a distant water-power site, 
generate the electricity, transmit it over hun- 
dreds of miles at hl^ voltages, and deliver it to 
the power-consuming centers. 

In the not too distant future the hydroelectric 
resources of eastern Canada may be developed 
and by interconnection the power may be de- 
livered into the Middle West and the Northeast. 
Also the considerable water-power resources of 
the moimtainous section of western Canada 
may be developed and by infercormection end 
hi^-v(^tage transmission lines be delivered to 
the Pacific Coast section of the United States. 
This Will give Canada and the Umted States 
additional opportunities for international coop- 
eration. 

POTENTUL WATER POWER 
IN THE UNITED STATES 

llbter-Foicer Resonrre*. The total hydro- 
electric power resources of the United States, 
both developed and undeveloped, were esti- 
mated to be approximately 148,893,000 kilo- 
watts on January 1. 1963. A report by the 
Federal Power ^mmisrion places the devel- 
oped hydroelectric power at 36,193,000 ttfo- 
watls. or pist under 25 percent of the total. 
Shghlly over 116,000,000 kilowatts remain to he 
developed in the future. The total power avail- 
able IS related to the construction of reservoirs 
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Table !• \raler*rowrr llnourrr*, 1939-196S, br Geograptne Diibion* 
(Thousamk ot Kikmatb} 


Diririon 

ja» 

I9S0 

I9W 

1061 

I'mlcfeliiped 
U'a/ff foutr, 
1963 

New England 

1,115 

1.239 

1^20 

1.516 

2,800 

Middle Atlantic 

1.6.33 

1.678 

2.472 

3.652 

5,700 

East North Central 

790 

901 

9K 

924 

3,000 

Wert North Central 

537 

629 

l,5!>i 

1694 

6.000 

Swilh Atlantic 

£.234 

2.767 

3,773 

3.795 

8,000 

East South Central 

U70 

2.729 

3.750 

3,033 

4,300 

West South Central 

140 

466 

&t4 

944 

3,800 

Mountain 

1563 

2.286 

4,621 

4,821 

£1,100 

Pacific 

a.783 

5.979 

13.490 

14.694 

54.000 

United States 

12.075 

18,675 

33.093 

36.193 

112,700 


{Sourer SkjHillml Ahtl/wi ff/ tfif t/nUfii SMet. IfOX] 


and the installation of po^ver-generating equip- 
ment at the various sites as demand Inaeases 
and os economic feasibility justifies develop- 
ment. It is possible tltereforc that the undevel- 
oped resources in the hiture may prove to be 
somewliat greater than the 19S1 esdmales. But 
the inclusion of the relatively small powers 
not greatly increase the tot^ (Table 1). 

Storage of water within a drainage basin is 
not eveiywhere lebted simply to the need for 
sunicieot head and a regular flow to meet power 
needs. The same storage facilities may serve 
other usehil purposes also, such as providing 
water for irrigation, tlie malntenanee of on ade- 
quate minimum depth for navigation, flood con- 
tol, and recreation. Water control for al) pur- 
poses in a river basin 1$ an ultlniate objective of 
waler-resovirce planning, but it may l>e neces- 
sary in certain dra3n.sge Iiasins to achieve these 
several objectives In an orderly sequence instead 
of slmultancovtsfy. 

\t ATEU.P()\t'KR DEVELOP.IIENT 
IN T1IF. UNITED STATES 

The electric plants of die United States have 
nearly one-third of the producing capadey of 
the instated generators in all parts of the vvorU. 
Progressively, and in spite of some wartime de- 


struction of generators, the installations have 
increased steadily. The capaaty of electric 
power plants in Oie United States In 1062 was 
209,774.000 Llowatts. The capacity in the 
Soviet Uiuon was 62,600.000 Idlowatts, in the 
United Kingdom 42,242,000. in West Germany 
31,$26.000, and in Japan 29.142.000. These five 
countries, on the buis of installed capaci^, 
produced in 1962 two-thirds of the world’s elec- 
tric power. Other important produang coun- 
tries include Canada, France. Italy, China 
(Mainland), and Sweden. Consumption on a per 
capita basis is highest in Norway with 10.346 
lalowatt-hours. in Canada with 6290, in Swe- 
den with 5268, and in the United States with 
5075 

Of the 209,774,000 Idlowatts of electric gen- 
erator capacity In the United States 36,193,000 
lulowatls were hydrogenerators in 1962. Power 
from falling water is relatively more important 
than fuel-generated power In the Rocky hfoun- 
tain and Pacific Coast states where competition 
hom coal and other Fuels is reduced. Cenerally 
to the IVest electricity is hydrogenerated, 
whereas in the East coal is the principal source 
of energy in the generation of electricity. 

At the end of the year 3962 electric energy 
production by source of energy was 53. 1 percent 
from coal, 5.5 percent from petroleum. 21.6 per- 
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cent from gas. and 19.7 from hydrogeneraton. 
The proportion generated from coal has re- 
mained essentially unchanged since 1940. Pro- 
duction from oil rose to lOJ percent in 1950. 
but declined to 5.5 percent in 1962. Gas as a 
source of energy in the generation of electridly 
rose from 7.7 percent in 1910 to 21.6 percent In 

1962. In spite of the fact that hydrogennated 
capacity increased from 12,075,000 kilowatts in 
1939 to 36,193,000 ki]o^vatts In 1961 the share 
of the electric energy produced from hydit>' 
generators declined from 33.4 percent In 1940 
to 19.7 percent in 1902.* 

A'oWear Energy, The place of nuclear energy 
among the other sources of energy is difGcult to 
forecast with accuracy. A report from the 
Atomic Energy Commission predicts that 
atomic Clergy will be competitive with other 
sources of energy in the 1970's and by 1980 
10 percent of the electricity generated in the 
United States will be produced by the use of 
atomic energy.^ It may be assumed that the in- 
creased use of nuclear fueb will reduce the 
demand for electrical power from the conven- 
tional sources. The development of some of the 

> SMlfarical Abftiuci of ttn Vnilod Slotn, Coternairnl 
Ftiating Officr, tVsihiogton. D C.. 1901. 

>Sam n. Schwrr, “Ejin®'," SrimHjSc Amtricffrv VoL t09, 

1963, (Ip 111-126-, RetCTvneeoapigvlM. 


more costly hydrogenerators may be delayed. 

President Lyndon B. Johnson, in a com- 
mencement address delivered in early June 1964 
at lldy Cross Univenity, Indicated that nuclear 
fuels probably wwild become Increasingly im- 
portant in the generation of electricity. It is ex- 
pected that in a few years the cost of atomic- 
fueled power will be low enough to be competi- 
tive with power generated by fossil fuels or from 
falling water. The Ifresident’s forecast was anti- 
dpated by Meyerhoff who estimated that in 
JW5 the total energy consumed in the United 
Stales will be produced from the following 
sources: coal 32.7 percent, oil 38.4 percent, 
natural gas 24.2 percent, water power 2.9 per- 
cent. and nuclear energy 1.8 percent.® 
Ilydroetecrn'e Potcer in the United Slates. The 
capacity of hydroelectric generators in the 
United Stales has continued to increase year 
after year with one or two exceptions. The con- 
stniction of new dams and the installatioa of 
new turbines and generators has gone forward in 
peace and war. in good times and bad, and bids 
fair to coDtiDue unti] the water-power resources 
are more fully developed and utilized (Table 2). 

ITje electridty produced by steam generators 
and by internal-combustion engines required 

’lloHird A. MeTwbofi, "Eonjj' m ll>e United Suit*.” 
Fonu, 13, April 1963. p, 3. 



Table S. FroJat 

U'an of Elrelrie E^rr^ in 

tbe LoiTed Slates, 1923- 

1962 

year 

Total, 

lOOO KiliMaft Hours 

Hi/dro, 

2000 Kitoaalt Ifoun 

1000 Kiloicall llourt 

fntCTTVll 
Cembtalton, 
1000 KiIou.atl Hoatt 

1925 

61.451.091 

21.797574 

39567.118 

286.099 

1930 

91.111,518 

31.189551 

59593563 

62S.63I 

1935 

95,237,390 

38572.154 

56.141.412 

770.824 

1910 

141,837,010 

47521578 

93.001,738 

1531.997 

1915 

222,486533 

79,970512 

140,435568 

2.080.703 

1950 

329.141513 

95538517 

229543566 

3,659.660 

fSS> 

^r.<ssr.siST 


4ay.j'/ai^ 

j.stass? 

1960 

753,037571 

1455165S3 

603,311.840 

4,692,178 

1961 

792,038586 

151.819573 

635563,762 

4,624,951 

1962 

891.919,959 

J6S5%(60 

6M.978526 

4,806.713 


[Souree The F«deral Power CooinussKm.) 
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the use of fossil fuels which are diminished ly 
use- To the extent that electricity is produced ly 
hjdrogenerators a reneuable nsmirce Is iBcd 
and its reuse can go on indefinitely. In the 
United States where the fossil fuels are rcJalively 
abtindant the sasing resulting from the use of 
water power may not be important, but in Nor* 
way, Sweden. Italy, and Japan where coal and 
oil must be imported the samgs may be signifi- 
cant in die national economy. 

THE GEOGllAPIlICAL TUSTninUTlON 
OF ^XTER POIS'ER 

The pattern of water-power distribution in 
the forty<ight contiguous stales of the Urdted 
States reflects chteSy the terrain conditions and 
the amount of precipitation. Where the land is 
elevated and the precipitation heavy the poten- 
tial water power Is great In areas that are low 
witli streams of slight gradient the available 
power is also low. In dry areas the water power 
is generally restricted. Maps of annual precipi* 
tatlon and relief arc basic to an understanding of 
the geographical distribution of water-power 
resources. 

IN’eip England. New En^and which contains 
slightly more than I percent of the total area of 
the United Slates and has between 6 and 7 per- 
cent of the population has slightly under 4 per- 
cent of the potential water po'ver in the United 
States. However, the development and utiliza- 
tion of water power are well advanced in New 
England which has approximately 4 percent of 
the capacity of water wheels in the United 
States. As one of the oldest industrial areas in the 
nation. New England originally used her water 
power directly in manufacturing processes. 
With the coming of electricity an important 
proportion of the available water power was 
used in the generation of electricity. And !y 
1963 the proportion derived from water was 
further reduced to less than 20 percent The 
induslriahzation of New England mahes heavy 
demands on other sources of power, sudi as 
coal, petroleum, and gas 


Water power in New England both before 
end after the development of electrically driven 
«}iilpment has been extensively used in the 
wmodworldng and in the textile mills. With the 
growth of the larger urban centers the domestic 
useofelectflclty has increased andwuter-whccl 
capad^ has increased also. 

The industrial readjustments consequent 
upon the transformation of (he Uru’ted States 
from a major agricultural to the greatest indus- 
trial nation in the world have svrought cliangcs 
in the economic character of New England. 11115 
does not mean a decline in manufacturing Or a 
reduced demand for hydroelectric power. It is 
expected that further use will be made of the 
power resources of New En^nd as greater 
control of ihe rivers becomes urgent and eco- 
nomically feasible. Extensive development of 
die pow-er resources of the major rivers provides 
New England with hydroelectric power, and 
the reservoirs supply water for industrial and 
municipal purposes and io a meantre allovlele 
the danger of floods. The great floods of August 
19-21, 1055, stimulatod the construction of 
nwny new reservoirs to hold back the flood 
waters and at the same time contribute to the 
waterpower capacity of New En^and. 

The chief rivers that supply power to New 
England, and tun be developed further, mclude 
the Connecticut, the Kennebec, the Merrimack, 
the Penobscot, the Androscoggin, and the 
llousatonic. On many of the smaller streams the 
power resources are restricted, but the recurring 
floods are a major economic hazard. H^ter- 
power dcveloprnent in this area therefore may 
be secondary to the Solution of a more urgent 
water problem (Fig. 1) 

The Passamaguoddy Bay project intended to 
utilize the power of the high tides of the Bay of 
Fundy and adjacent waters was started in the 
ntld-19lWs and then abandoned. In July 1963 
President Kennedy ordered that the project be 
revived with the Oiou^t that the completed sj's- 
tem of dams would demonstrate the feasibility 
of installations intended to utilize the power of 
tile tides. 
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Fig. 1 The Samuel C. Moore hydroelectric (nstoDalion on Uie V(4>er ConnectSnil River hu 
■ capacity ol 190,000 Wlowittr. liiis plant is hreated «c tinldon. New- Hampshire. *ad began 
eperabon near the end of 19S0. The dam ft I7S feet high aod water in the reservoir covers 3500 
acres. The intUllaUon generates electn'dty lit its power plant, helps to regulale the Bow of 
the Connectieul mver. and pros-ides recreatioad oppoitunibes along the shores of the reservoir. 
(New fngland Electric Systrm.l 


The Middle Atlantic. New Yotk. Pennsyl* 
vania, and New Jeney together make up the 
Middle Atlantic divhiofl. This area iaeconoinic- 
ally one of the most Important sections of the 
coimtry because of the density of the papulation 
and the development of the power re- 
sources for industrial and commercial purposes. 

In the United States as a whole less than 20 
percent of the electricity produced for public 
use is generated by bydioelectric plants. In the 
Middle Atlantic division the percentage is under 
10, which means that access to coal results in 
steam-generated electricity for the public 
utilities. 

Most of the water power is developed along 
the Niagara, the St. Lawrence, and the Susque- 
hanna rivers. Important power sites have bwn 
developed at the northern edge of the Appala- 
chian Plateau and along the mar^n of the 
Adirondacks. 

Important supplies of undeveloped powa 
are still available along the Niagara and St. 
Lawrence rivers. The completion of the St. 
Lawrence Seaway and the consirucb'on of the 


necessary dams and power plants, a large quan- 
tity of hydroelectric energy became available. 
Between Ogdensburg and Massena there is a 
92-foot drop in a distance of only 46 miles. Three 
dams, the Iroquis, the Long Sault, and the Barn- 
hart Island powerhouse, help to regulate the 
flow of the river and provide Ac head necessary 
for the generation of the estimated J3 billion 
kdowatt-bouis divided equally between Canada 
and Uie United States. The New York State 
Power Authority receives the power for distribu- 
tion to public utihty companies in the market 
area. Under the terms of a 50-year license 
granted by the Federal Power Commission, a 
share of the power must be made available to 
users in nearby states as well as in the Stale ol 
New York.* 

One of tlie most notable developments in the 
Niagara area was the completion of the Robert 
Moses Niagara Power Plant which houses thir- 
teen 150,000 kdowalt bydrogenerators This 
plant is a 2,190,000 kilowatt installation and in- 

•"Sb UivKiKe Power and Seaway ProJec^^'■ Sr<r 
Stole Commerce Recieu. t’ol. S, November 1051, pp. l'*^ 
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dudes not only the Robert Moses Power Plant 
but the Lewiston Pump Generating Plant. Tbe 
reservoir above the Lewiston plant is used lor 
water storage when the demand for power is 
low and when the diversion of water above 
Niagara Falls will not affect their scenic value. 
The water can then be used to generate power 
at both the Lewiston plant and at the Robert 
Moses power plant (Fig. 2). The power from this 
major installation Is distributed by the Power 
Authority of the State of New York. 

The chief hydroelectric plants in Pennsyl- 
vania are in the southeastern part of the stale. 
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These hydroplants interconnected with fuel 
generators provide most of the electrical energy 
for the municipal, industrial, and commercial 
users. Tile relative accessibility of coal in west- 
ern Pennsylvania has retarded someu hat the full 
utilization of water power, but in the future, 
multiple-purpose water-control projects wJl re- 
sub in an increased use of hydrogenerated 
electricity. 

East Sorth Central. The division tliat con- 
sists of Ohio, Indiana. Illinois. Michigan, and 
LVisconsin is an area of relatively low relief and 
moderate rainfall, hence the power resources of 



FJf. S Ttw Bohert Stoats flagara fowtr Plant bouwt Ibuteeo. IStMtOO-VitiwaU h>'d/Ofnietjlon. 
The tortnllation I» 1840 feet long and fealoies a power visu nt the tight designed to aceommodate 
tsur^ ud others who wfU t(at tha plant. In thehsekpcmiisthc lefsistoo Pump-Cenenting 
Plant which opetale* alternately to pomp water Into the mmeir during the night and to generate 
electricity uben the water 0ov« toward a downgrade to the Robert ifoset Power Plant. (Power 
Authority of the State of New Porli.) 
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these East North Central states are not great 
In Ohio, Indiana, and Illinois the iin^adated 
and the older drift areas have limited water- 
power resources. Michigan and IV’isconsin are 
somewhat more elevated and glaciation disor- 
ganized the drainage so that numerous sites are 
available, ’niisineffectisanareaoflitllepowers 
which collectively total only 214 percent of the 
potential water power of the country. 

In the U(^)er Lakes Region the high percent- 
age of the land in forests, the extensive swamp 
areas, and the numerous lakes regulate the 
discharge of the streams. In Wisconsin and 
Michigan the potential resources wiQ permit a 
substantia] increase in the capacity of water 
turbines. 

South Atlantic. The South Atlantic divisioD 
consists of the District of Columbia and the 
ei^t states of Delaware, Maryland, Vu^nia. 
West Vir^nia, North Carolina, South Carolirta. 
Georgia, and Flonda. Hus area embraces 
slightly more than 9 percent of the land area of 
the U^ted Slates, has approximately !>{ percent 
of the population, and has slightly over 5 percent 
of the potential water po>v'er. 

The low4}-ing Coast^ Plain with its throu^- 
Soviiog slreams of Imv gradient has little 
available water power. But inland along the 
Piedmont and at the margin of the Southern 
Appaladiians several major streams provide 
numerous sites for the development of power. 

A major part of this area was for a long tune 
largely agriculturaL As a consequence, rapid or 
full utilizatiati of the water resources lagged be- 
hind industrial Nov England. But with the shift 
of many of the textile nulls to the Piedmont and 
with the growing demands for power in other 
industries, parOculariy woodworking, tobacco^ 
and chemicals, the installed capacity of the 
water wheels increasecL 

It is estimated that the available undeveloped 
energy resources will permit doubhng the pre- 
sent output of power without exbaustiag the 
potential water pow er available m the area. Full 
development cannot come at once, for power 
generation is related to other water pmrUems 


such as mutudpal and industrial supplies of 
water, stream pollution, navigation, and flood 
controL 

On the east slope of the southern Appala- 
chians the chief power rivers include the Savan- 
nah, the Santee, Roanoke, Potomac, Saluda, 
Warrior and Tomlngbee, Yadkin-Pee Dee. the 
Chattahoochee, and many smaller streams. One 
of the largest reservoirs in this area is the Saluda, 
oc the Saluda River in South Carolina. 

In the South Atlantic area the power pro- 
duced from projects under the control of the 
Corps of Engjneeis is marketed by the South- 
eastern Power Administration. Under the terms 
of 136 contracts invTalving more than a dozen 
installations blocks of electric energy are de- 
livered to the local utilities for sale to the ulti- 
mate consumers. 

FuD development of the water-power re- 
sources must take into account the occasional 
dry yean which greatly reduce the discharge 
of the streams. Reservoirs to provide storage of 
great quantities of water in periods or seasons of 
abundance and intercoanection with fuel- 
generator systems are necessary to assure the 
consumer that adequate power will be aseilable 
at all times. 

East South CentraL The four states of Ken- 
tucky, Tennessee, Mississippi, and Alabama 
which lie south of the Ohio and east of the Mis- 
sissippi comprise the East South Central divi- 
sion. Mississippi, which is largely in the Coastal 
Plain, is least important in respect to water- 
powiet resources. A hi^ percentage of the area 
is in the drainage bastn of the Tennessee River 
and as a result has experienced, smee 1933, a 
rapid development of the water-power re- 
sources under the jurisdiction of the Tennessee 
Valley Authority. 

The Tennessee River, largely an uncontrolled 
stream before the miUation of the TVA program, 
hai a number of small reservoirs in Ae head- 
stream area and the great tVilson Dam at Musde 
Sbcals. A program of acquisition of dams already 
built and the construction of new dams ha^ 
bnHi^l the Tennessee largely under control 



Mtter rower and lu Conservation 
The impounded waters make the Tennessee a 
navigable stream at aS times; the power devel- 
oped at the several dams is available within Ihc 
Vhlley anti to the tributary areas; the fiood- 
svaters resulting /rom excessive pecipitation 
are held baek and contained uilhin the reser- 
voirs and the stream channel; arid as a ly- 
product the Impounded waters provide fidiing 
and recreational opportimities for great num- 
bers of people (Fig. 3). 

By 1963 after the Tennessee Valley Aulhorily 
had been in operation for 30 years the twenty- 


first dam. the Melton HJl. was nearing comple- 
tion. The Authority controlled a total of 32 
reservoirs and virtually regulated the flow of the 
Tennessee River, Tlie generator capacity of the 
poM'er-produdng facilities reached an installed 
capaci^ of 12,711,000 kilowatts compared witli 
800,000 kilowatts in 1033. Nearly two-thirds of 
the power-generating capacity or 8,724,000 
kiktWBtts was In relatively new and elBcient 
steam-electn'c plants.* 


7CNNE8SCC VAUEV REGION 


Fl|;. 3 Iitap of tlic Tmiumkc Vaney, ahowing l)>v tiwalioii ol the oams, the kteam pLuiU, 
end boundary of tiie area (erved by Ihc niunrripai tad cooperetiTe dirtiibuton of TVA power. 
Five of the datru are privately owned, but control or teteam of the water b a rcaponsibHity of the 
Authority. Note the locatioa of the fleam planti whkh cqliccliveiy generate approdmalely tw-o- 
tiiirds of the electric power produced In the TVA (TertfieaBee VtBcy Aotherfty.i 
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Interconnection with nearby electric utilities 
permits the TVA to supply power in the summer 
to the power-deficient areas to the south and 
southwest. In the winter season the TVA pur- 
chases power from other producers to meet the 
needs of the area, chiefly for heating ® In tlie 
TVA the per capita consumption of electric 
energy is 10.406 kilowatt-haurs annually or more 
than double the consumption of 4353 kiloivatt- 
hours for the countiy as a whole. 

ITrit A'orth Central. The seven states of 
Minnesota, Iowa, Missouri, North and South 
Dakota, Nebraska, and Kansas make up the 
West North Central division. Contained within 
these states is 17 percent of the total area of the 
United Stales and 8 percent of the population 
but only 5 percent of the potential water power. 

loadequate hydroelectric power is available 
in this area for industrial purposes, municipal 
users, and the rural electrification program. 
Much of the electrical energy will have to be 
fuel-generated. Coal and petroleum are avail- 
able in the southern part of the area and are 
used ertensively in the generation of electricity. 
Multiple-purpose svater-contiol projects in the 
eastern part of the area are under development 
chiefly to control the floods and to permit the 
development of hydroelectric power. 

The through-flowing rivers Sud» as the 
Missouri liave important power resources in 
the sparsely populated headstream area. It is 
not economically feasible to transport the power 
to the Dakotas, Nebraska, and Kansas. These 
areas will probably continue to meet their power 
needs chiefly from the local or nearby fuel re- 
sources althou^ the completion of several 
authorized projects has increased greatly the 
power derived from water. In Nebraska and in 
the Black Hills area of South Dakota small 
water-power installations can contnlnite a 
limited supply of hydroelectric energy in an 
area of scant water resources. 

The largest power installations now in (feta- 
tion in the tV’est North Central area induct tfie 

«n>id,(>.40. 
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Keokuk on the Mississippi in southeastern Iowa, 
l^kc-of-the-Ozarks on the Osage in Missouri, 
and the Oahe, the Garrison, Fort Randall, and 
Gavins Point all on the Missouri. The Fort 
Randall Dam was constructed by the Army 
Engineers under the Flood Control Act of 1944 
and rerjuired 10 years for completion. !t has a 
capadty of 320.000 kilowatts and began the 
generation of electricity in January 1956 {Fig. 4). 

ITeit South Central. The West South Centr^ 
division consisting of the four states of Arkansas, 
Louisiana, Oklahoma, and Texas contains less 
than 15 percent of the area of the United States, 
slightly over 3 percent of the potential water 
power, and slightly under 10 percent of the 
peculation. This is one of the least important 
water-power areas in the United States. A small 
fraction of tJie resources has been developed. 
Here as in many other sections of the coimliy 
the movement to bring the great rivers and the 
litde rvaters under control has resulted in the 
installation of generaton at some of the dams 
built partly for flood control and navigation. 

The Southwestern Power Administration 
markets the power generated by nine hydro- 
electric installations in this area These plants 
have a total capacity of just under 300,000 kilo- 
watts. Ten plants now under construction will 
double the capacity of the hydrogenerators in 
this area. 

Stouniain, Geographically is the largest 
census division and includes Montana, Idaho, 
Wyoming, Colorado, New Mexico, Utah, Ari- 
zona, and Nevada. This large area contains ap- 
proximately 20 percent of the water-power 
resiMrees of the United States. Here the gener- 
ation of water power is (dosely associated with 
other water uses, particularly irrigation. Gener- 
ally these two major uses are not in conflict, for 
the melt water of the winter snows can be im- 
pounded during the firing and early summer. 
The water can first be u^ized for power and 
then distnbuted to the thirsty land 

The major centers of power development are 
in the Northern Rocldes or the adjacent plains 
where nunmg and rmneral processing require 




a large amount of electrical po^ve^. The head- 
waters of the Missouri. partic\ilarty at Great 
Falls, at Hungry Hone, and at Cabinet Gorge 
now provide povs-er for western Montana. In 
Idaho the Snake River generates power for the 
southern part of the slate and adjacent areas. 
The largest installation in this division is at the 
Hoover Dam on the Colorado River below the 
Grand Can) on. Downstream Wow the dam 
the generator capacity fostalJcd at Divis Dam 
and at Parker Dam is 225,000 and 120,000 falo- 
watts, respectively. Along the western mar^ 
of the Colorado Plateau and along the Wasatdi 
Mountains, many small hydrogenerators provide 
power for the populated areas in Utah. 

After a long controversy over the develop- 
ment of the svater resources of the Upper Colo- 
rado basin, the 84 th Congress in 1950 authorized 


federal fioaocing of this multiple-poipose proj- 
ect It is estimated that the Upper Colorado 
project when fiJly developed wjH have a capac- 
ity of over a million kilo\vatts. 

The Flaming Gorge and the Glen Canyon 
units of the Colorado River Storage Project have 
been completed. The generator capacity of the 
two units is 108.000 kilowatts, and 910,000 
kilowatts, respectively (Fig. 5). 

Pacific. IVfchlngton, Oregon, and California 
indude within their boundiries only 10.7 per- 
cent of tbc area of the United States but contain 
approrimalety 46 percent of the potential water 
power. Approximately one-half of the available 
power is in Washington, and the other half is 
divided almost equally bctiveen Oregon and 
California. The availability of water power and 
tbe rdative scarcity of competing fuels, except 
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FigiS The CleaCsnyOQ Dam oa(li« Colorado (Uvtr bone of the nujor units inlliewiltrctonge 
and power pro/ecti in the headwater sretfon of the ((«er. Each of the ei'ghl udb wiH generate 
112,500 knowaRs, or together the eapaaiy is 910,000 UIo«att& (U,S. Bureau of Reclamation. 
Photo by Stan fUnnussetL) 


in soulhem California where petroleum ts nous and unifonn delivery of electric current 

abundant, have been conducive to the develop- to the consumers. E^t of the Cascades and ra 

ment and use of hydroelectric energy. Coal the agricultural valleys of CaliTonua water is 

produced in Oregon and Afashington, althou^ also needed for irrigation. Economic develcp- 

ecoDomically important, is not competitive to ment of the Pacihc area will require both the 

the extent that water-power developmeDt is expansion of iirigatiDn agriculture and the utili- 

seriously retarded. In view of the scant supplies zation of the water-power resources, 

of hi^-grade coal the development of peren- Before 1930 most of the power developoienf 
nially renewable water-power resonnses %viD was along the west slope of the Cascades and 

prolong or extend the life of the limited reserves. theSimra Nevada, but the Columbia, one of the 

Great reserves of undeveloped power remam great power rivers of America, is now eon- 

in the Pacific Northwest where the relativdy tributing its power to the consumers of the 

hi^ mountains and the heavy preci{HtaljOD. tnbuUiy area. The construction of the Bonne- 

parficularly in the form of snow during the viUe Dam where the Columbia breaches the 

winter, are favorable conditions. This sea- Caxades and the Grand Coulee Dam more 

sonahty of the precipitation will require maiqr than 400 miles upstream has made available 

relatively large reservoirs to even out Ae dis- power which served well the wartime industnes 

charge of the streams and to provide a contin- (Fig. 6). 
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Behveen the BiwineviUe and Grand Coulee 
dams, other structures such as Tlie Dalles, the 
McNary, Priest Rapids, Wanapuin, Rock Island, 
and CUef Joseph and the power installations 
have together a capacity in excess of 5,000,000 
Idlotvatts. These and other power /adhties on 
the main stem of the Columbia and the Snake 
River can provide a large block of hydroelectric 
power for use in the Padfic Northwest. 

Along the Columbia River and its major 
tnbutaries twenty-sev«i federal multipurpose 
projects have been completed or are nearing 
completion. The larger hydroelectric plants 
Include the Grand Coulee, The Dalles, Chief 


Joseph, McNary, Priest Rapids, Rocl<y Readi, 
and Bonneville. The power from these major 
installations and the many projects of lesser 
c^ncity is marketed throng Ae Bonneville 
Power Administration Blocks of power from 
these several sovrces ate debvered to locsil 
electric utilities in Washington and Oregon and 
by interconnection can be distributed to more 
remote markets in adjacent states, particularly 
In Ckdifomia where population growth since 
World War II has created a need for increased 
amounts of electrical energy. 

In addition to the numerous reservoirs that 
have been constructed on the west slope of the 



F1|> 6 When the Cnni) Coulee Dim wu eompteted in IMl ft ra the concrete itructure 
of ftf iind (n the worid Since tHi< time five tUau In the SerM L'atea phree cnnpJeted). one in 
CwuhU. the John D»y in Uie Unllrt Stelee. imd the Afwao detn in Egypt «rill hive wi nlti- 
inito ImtiDed mpicity grenter thin CmiiJ Coulee »Hb • cipMfty of 1,974,000 blowitti. (Ui. 
SumiH of KecUauitioa.) 
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Cascade-Sierra Nevada Mountains, some of 
which rank among the highest in the world, the 
Shasta Dam on the Sacramento was completed 
in 1^45. This great dam serves the multi- 
ple purposes of si^splying water for the diy 
plains of the Sacramento Valley, of holding badr 
the Eoodwateis which in times past have been so 
destructive, and of generating power for the 
tributary area. 

The developed water power in the Pacific 
division is sli^dy more than 21 percent of the 
total feasible undeveloped raources. Rajud 
development is largely dependent on the eipan- 
sfoo of the market and the ability of the power- 
producing companies or agencies to deliver 
cheap electrical energy to the consumer. 


TOE JEDEHLU CavnJOJL 0\TEE 

VATER POVER 

From the foundadoo of the federal govern- 
ment It was generally understood that the Con- 
stitution gave the government jurisdiction over 
the navigable waters of the United States. There 
existed some doubt in respect to the extent of 
this jurisdiction. However, in 1824 the issue 
was settled by a decidon of the Supreme Court 
wdu'eb declar^ that the commerce clause ent- 
bneed na^gation. The River and Harbors Act 
of 1SS4 gave the United States Government 
control of structures on navigable waters. In 
1901 Congress passed a biU giving the Secretary 
of the Interior the power to grant li^ts of way 
over public lands for water-power plants, dams, 
reservoirs, and transmission lines. After large 
areas of pulEic land had been set aside as na- 
tional forests, the Secretary of Agricidture gave 
easements for ri^ts of way across forest lands. 
The interest of the Forest ^rvice was related to 
the important relationship between the flow of 
streams and the forest cover. Under the leader- 
ship of Gifford Pindiot the Forest Service was 
much interested in protecting the watershed 
areas and controlling the streams in the national 
forests. Since the jurisdiction of the navigable 
wafers came under the Department of War. the 


national forests under the Department of Agri- 
culture, and large areas of public land were stiB 
administered by the Cenei^ Land Office of the 
Dep^ment of the Interior, these three depart- 
moots were most concerned with the problem 
of gtjvernment control over water resources, 
particularly power and water-power sites. 

The National Conservation Congress of 1913 
urged Congress to provide the necessary legisla- 
tion to permit the utilization of navigable 
streams for power. At a conference in 1914 
go''*niots of the states of Utah, Colorado, 
Nevada, Washington, Oregon, Idaho, W)-om£ng, 
New Aiexico, and North Dakota claimed the 
waters in their respective states as state waters 
and therefore under their jurisdiction. Here was 
a conflict between the interests of the several 
stales and the federal government. In 1912 the 
Commissioner of Corporations had recognized 
the futility of divided authority and had recom- 
mended dlher public ewner^p or public con- 
trtJ of the power sites. In this period of 
experimentatioD several bills related Co the 
problem of power development and control of 
the water resources were introduced in the 
Congress. 

The Federal Potter Commission. Dunng 
the hrst two decades of the present century it 
had become evident that f^eral jurisdictioo 
over the power resources, or at least public con- 
trol, was a necessity. A biD, introduced in the 
Houie by Congressman John J. Esch in the 
sp^al session of the 66th Congress, was passed 
ly the House on May 4, 1920, was passed by lb® 
Senate on May 27, and was signed by the ftesi- 
dent thus becDining the Water Power Act of 
June JO, 1920. This act created the Federal 
Fowfcf Commission ^ving it ". . . general ad- 
**firr4trativc control over all water-power sitf* 
and kmdred establishments that are located on 
*he navigable waten on the public lands and on 
the reservations of the United States.”’ The 
FedeiaJ Power Commission became an invesO- 
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gative and judicial agency of the federal govern- 
ment. Its activities include cooperation with 
state agencies concerned with water control. 
It can investigate water-power resources, issue 
permits and licenses, ev^uate properties, and 
fit rates. From this beginning in 1920 when the 
basic legislation became a part of tbe law, tbe 
Fwleral Power Commission has continued to 
function very effectively in die development 
and control of the water-power resources of the 
nation. 

Although the original Federal Posver Act 
prescribed the jurisdiction of the Federal Power 
Cbmmis^on as applying to the power resources 
on rtavigable rivers and on pubb'c bnds, it was 
evident that, in time, its function svtwJd be 
eatended. 

During the first 10 years front 1020 to 1930 
it became evident that the commission required 
reorganization. Tlie cabinet members who had 
previously served on the commLision were aware 
that their duties should be transferred to full- 
time commissioners. Ttiey would be relieved of 
this responsibility which would give them more 
time to han<Ue the other affairs of their respec- 
tive dcp.'irtmcnts. 

Rex>rf;anlaat!on v/ihe Fnteral PoirerCdm’ 
mMon, An act passed by the Congress reor- 
ganizing tbe commission svas signed by Presi- 
dent Hoover on June 23, 1930. A five-man 
commission was appointed by the President and 
promptly looh over the duties of the commlsdon. 
Tlie first chairman was George Otis Smith, 
fonncrly Director of the U.S. Ceolo^cal Survey. 
At the time of reorganization the capacity of 
waiter-power Installatioas on public lands or on 
nav-jjplile waters had reached 3,000,{100 horse- 
power. 7Ti/s was 24 percent of tbe toiaJbyiiiv- 
eleclnc generating capadty of the United States. 
In 10 jrarsfrom 1920 to 19.30 there l»d licena 
100 percent Increase in capacity. In this interval 
the rates for electric current had declined from 
7.52 Cents to 6.00 cents per kilowatt hour.Thene 
stiQ remained much ti> Iw done in the field of 
eiectrififatlon. The commission reported In 1929 
that 90 percent of tlw farms were without elnv 
triral service and only 2 percent of the railroad 


mileage was electrified. In 1960 only about 3 
percent of the farms were without clectridly.* 

When President noosevelt was inaugurated 
in 1933. he realized die need for further fnvesli- 
gabORf in the fields of poivcr utfiizstfon and in 
Ihe regtdab'on of die power Industry. He issued 
an executive order on August 19 of that year 
calling for a power surv^. The Prcsidmit caUed 
upon the commissbn not only to survey the 
water resources of Uie country, but to consider 
also the problem of rates and to fonnulate a 
pn^pam of public works. The power survey 
ordered by IVesident Roosevelt was one of the 
roost comprehensive inve-stigations of the power 
situation In tiie Um'fcd States made either by a 
private or federal agency.® The problem of ap- 
propriate rates became a major concern of the 
commissku) which lias cooperated with state 
agencies in determining fair rates to the con- 
sumer of electric current.’® 

The passage of the Public Utility Act of 1035 
eatend^ tbe jurisdiction of the commission to 
electrical energy regardless of the method of 
generation If the electric cunent was involved 
in interstate commerce. TIic commission then 
had power to fsdhtate Interconnection and co- 
ordination of power fadlit/es where the tun 
were grogniphiea]]/ and economically feasible. 

By 1938 tlic Federal Power Commission was 
curating under six major acts of Congress, the 
act that created the commission in 1920, the 
amendatory act of 1930, the Public Utility Act 
of 1035. the Natural Cas Act of 103S, the Flood 
Control Act of 1936 as amended in 1938, and 
the act that created end authorized the TVA. 

During It'orid M’ar 11 the Federal Po»er 
Commission uas alile to faaliule the allocation 
of fw«w to a great variety of war Industries. 
Between 1940 and 194.7 the installecl capacity 
of the electric power industry increased from 
approximately 51,000.000 kQow-atts to nearly 


to rrodurr, Tha rrorboni oj .tfrlmbvnr, JSTO, 
C w tr u nirnl Pmatine Oflkv, U tOilnglon, D p. 1 1 
^FcOcnl Fowvr Cocunianlnn, NoVkmtl Po«rr 
tntnim /trpari famr Serin t, UoMo^oa. riC. IB3S. 
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63,000,000 kilowatts. By 1953 the capacity had 
teen further increased to more than 107,000,000 
kilowatts. 

The need for multiple-purpose projects on 
many of the great streams and the little watos 
of the United States requires that the commis- 
sion make comprehensive surveys of the drain- 
age basins requiring en^eering works to 
control stream flow. Both the River and Harbors 
Act and the Flood Control Act of 1949 provided 
for the installation of penstocks in the dams 
when approved by the Secretary of War upon 
the recommendation of the Chief of Engineers 
and the Federal Power Commission. 

The jurisdiction of the Federal Power Com- 
mission was greatly expanded when the Natural 
Gas Act of June 21, 1938 (and as later amended) 
and an Executive Order 10485, September 3, 
1953, when the Commission was given re^mn- 
sibility and authority to regulate the inteistate 
distribution of natui^ gas and to fix and adjust 
rates in the natural gas Industry. 

At last the Fede^ Power Conunission can 
participate fully in the multiple-purpose projects 
as well as those devoted exdusively to the gen- 
eration of power. 

Rural Elecmyicnthin. The federal govern- 
ment Is actively engaged in the promotkni of 
consumption of electric power in rural areas. 
Under the jurisdiction of the Rural Electrifica- 
tion Administration the govemmeot has facili- 
tated the organlaation of power-distnbutiOD 
s>-stems. The REIA has made few loans for the 
development of hydroelectric power projects, 
but has been more concerned with the distribu- 
tion of low-cost electric current to people in 
rural areas, so that the farmers can have power 
for home lighting, the electric appliances in the 
home, and power-driven equipment on the farm. 

Public Control of TTaler Potcer, Most of the 
economic activities of this country are earned 
on by private enterprise. This is an American 
tradition, and there is every indication that this 
essential feature of our economy will be con- 
tinued. Ilowei’er, the public interest is vitaDy 
Important in those enterprises where the wel- 
fare of the people is directly mvolved. In the 


development and distribution of power derived 
fctnm falli ng water the pubhc interest is evident. 
Developraent of a major water-power site under 
private auspices confers upon the company a 
quasi monopoly, and to protect the interests of 
the public some kind of control or regulation 
either by the state or by the federal govemmeot 
is essential. 

One generation which uses the power is under 
some obligation to pass it on to the next in such 
a manner that the public welfare will be served. 
The use of exhaustible and diminishing re- 
sources does not imply the necessity for public 
control except for fair rates to the ultimate con- 
sumer of the power generated. The great size of 
some of the water-power projects has required 
public financing, for private capital could not be 
expected to undertake development with the 
neceuaiy long-term amortizatSon of the cost at 
the low rates determined by the regulatory com- 
nussions. Venture capital has been reluctant to 
invade this field of power development. 

Numerous arguments can be advanced for 
public control of water-power resources. It is 
important that the people of the country have 
available at all times adequate power at reason- 
able rates. The fadLties may be privately owned, 
but Seasonable rates must be subject to deter- 
mination by a state or federal agency, thus 
guaranteeing to the consumer the best electrical 
service for the least cost. This does not mean 
that private interests and the public welfare are 
seruMisIy in conflict. A fair-minded state utility 
commission will see to it that a privately owned 
power company gets a reasonable return upon 
Its investment and at the same time ivill be 
mindful of the need of the people for adequate 
and cheap electric service. 

The monopolistic character of water-power 
development and particularly the generation 
and distnbution of eleetnc ciurent eliminates 
competiton as an effective force in the deter- 
minaticin of fair and equitable rates. It would be 
very uneconomical and unwise to try to achieve 
fair rates by competition between two or tnote 
companies. Competition would require dupb- 
cation of fatalities which probably would result 



270 


Coasen ation of Ai'atural Resocove; 


Canyon Project Act, the act that created the 
Tennessee Valley Authority in 1933, the Flood 
Control Act of 1936, and several others, the 
federal government was fiimly established as a 
producer of power for its own use and for sale. 

Wien Prerfdent Eisenhower assumed office 
in 1953, a reaction set in against the continued 
espansion of power development by the federal 
government. It became evident that new power 
projects proposed by the thirteen federal agen- 
cies ins'obed in powr activities MtKild be 
closely scrutinized before they w ere presented 
to Congress for appro\-aL 

The Commission On Organization of the 
Executive Bramb of the Government, com- 
monly known as the Hoover Commission, made 
an extended study of the power industry par- 
ticularly with reference to the participation of 
the federal ^vernment. In addition to specific 
leconunendahons that apply to particular power 
projects, such as the Tennessee Valley Aut^rity, 
the Central Valley Project in Califonua. the 
Southeastern Power AdirUnlstradon, the Bun! 
Electnficstlon Administratioa. and many other 
projects, the Commission implied, if not di- 
rectly recommended, that the federal govern- 
ment discontinue or slow down the development 
of power resources in competition with private 
power companies. It could hardly be expected 
that a policy that had gained considerate mo- 
mentum over a period of 20 years could be 
immediately reversed. Most of the recommen- 
dations of the Commission were concerned with 
improvements in the federal government’s op- 
eration in the field of power development and 
distribution. Implicit in the report was the 
recommendation that the government discon- 
tinue activities in a field where private industry 
is able to finance the power developments.’* 
Inlenfare CompacU, Most water-control 
projects transcend the state boundaries and ro- 
9 uire joint or multiple state agreements for their 
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devdopment. Water power in all its aqiects is 
not limited to the site where the generator is 
located biut extends to the headstream area 
where the water begins its flow to the sea. This 
is the area of water storage, either natural or 
tuaa made, which regulates, as far as possible, 
the supply of power where the turbines and 
generatOR are installed. A proper and full devel- 
opment of the power resources of a drainage 
basin would require an intentate compact as a 
means of securing the coopCTation of the seieraJ 
states and the Federal Power Commission. The 
development of such interstate compacts re- 
quires a number of stages before the compacts 
can be ^ven final effect. 

J. They must be authorized by Congress 
which provides the enabling legislation. 

2. State legislatures must also authorize the 
project and provide the personnel and agencies 
that are to carry out the negotiations. 

3. nie comtrdssioners of the several states 
must draw up the compact. 

4. The compact must now be submitted to 
the legislatures of the several states for ap- 
proval and ratification. 

5. Congress must also ratify the compact. 
Any break In this series of five steps may mean 
the ultimate failure of a project applicable to a 
drainage basin. However, the defection of a 
sin^e state, depending somewhat on its location 
In the drainage basin, may or may not affect 
the proposed project. 

The Partnership Idea. President Eisen- 
hower in his first State of the Union message to 
Congress in January 1953 expressed himself in 
favor of the development of natural resources 
not by federal bureaucracy but by a partnership 
involving the cooperation of the several slates, 
local commuiuhes. private atizens. and the 
federal goi'emment.i^ In the pouw field the 
President intended this to mean that the federal 
government would not pre-empt all power ates 
in a drainage basm but would encourage local 

^*Car mu^ ia a <m Or^xnitf ridn o/ (hr Esrewthr d 
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govemmeitU and private industry to tmdertaite 
power developments. TJie partnership idea is 
not new, but one of its chief eJIcets wiU be"... 
to limit new starts on Federal power projects." « 
It was clearly the policy of the Euenhosser 
administration to give private industry grealw 
opportunities in the dcs-elopinenf of the power 
resources of die nation. 

In spite of the efforts of private pem-er IntCT- 
ests and the attitudes of some public officials tlie 
participation of the federal government in the 
development of the water-power resources of 
the nation is an established policy. Not uncom- 
monly the development of power is tied in with 
multipurpose projects including flood control, 
irrigation. navig.sl:ion, end recreation. It would 
be unwise to neglect the deselopment of the 
water-power resources simply because of the 
olijeclioiu lo tlie development of water power 
by the use of public funds. The schedule forth© 
completion of dams over the next few years by 
the Bureau of Rectanution and by the Corps 
of Engineers Ls convincing evidence that the 
development of water power is an on-going 
concern of the national government. 

CONSEin'ATION OF V.<TER PO^XR 
M'ater power is a renewable resource. Unlike 
the fuels, if is not depleted by use and ouce used 
Can be reused time and time again. The fuel 
minerals are extractable and expendable, but 
Water power is perennially renewable. It must 
be used as the water seeks its lowest level, or the 
power is lost forever. This distinguishing feature 
of Water power has led many people to believe 
that we shordd make every effort to makebn- 
rnediste and Adi use of ri'atw-fOHW resoarvesi 
Unhappily, this is hardly possible when coo- 
”Bn< Mor**11, Our IVodonV RMWirew— Pt>ricif» 
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sidered in the ligjjt of both the physical cliar- 
acteristics of the streams and the economic 
conditions under width the power must be 
tkwelotied and utilized. 

The Irregular discharge or fJo'V of the streams 
inirodures a serious hmitsbon to Uie develc^ 
menl and me of wafer power. Stongemay 
tthicse reasonable legulan’ty, but the dams 
may be very exjiensiw and add greatly to the 
cost of the power. Since hill use of the poweris 
economically unwise, it may lie possible, how- 
ever. to utilize a hi^ percentage of the power 
available and use stand-by steam plants to main- 
tain a satisfactory flenv of electric current to tbe 
consumer. MTiere competing fuels are not 
avaffable it may be economically feasible to 
develop tbe water pouvr to tbe fullest. In other 
areas, such as the upjrer Ohio Valley where 
enormous qnaiitities of coal are available, the 
development of tbe wafer resources for tlie pro- 
duction power may be quite uneconomical. 
Only where control of tbe rivers for multiple 
purposes and where the cost can be distributed 
among several benefleiories would it be wise to 
develop to the fullest the power resources. The 
conservation of water-power resources there- 
fore b not a simple engineering problem of 
bringing a nver completely under control and 
utilizing the total power available. Develop- 
ment must take place in a context of tbe local 
and national economy: at a particular time it 
may be fnadvisable to install water wheels to 
ubiize (lie power of falling water: in a later 
period IS may lie entirely possible and eco- 
nomicaDy very desirable to make partial, if not 
a fiiM. use of the water-power resources. Con- 
servation is therefore both an engineering and 
an ecoaamic prohJem end may resioiee the so}a~ 
tion of the several water problems seriatim In- 
stead of amultaneousty according to a grandiose 
plan. 
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CHAPTER 14- 

Waterways and Tlieir Utilization 


Bodies of water-K)cc3ns, seas, gulfs, sounds, 
laVes, and rivers— provide Ihe dieapest form of 
transportation hr man if they are used in their 
nature} form and under the most fas'orehlecon' 
diliorui: man>made watenvays may also provide 
cheap transportation, if these can^ are dugtn 
areas recjtiJriiig them. Unfottuoalely. many 
canals have l>een constructed w.-ilhout due con- 
sideration of their costs and relative values when 
complpted, and t}»b has caused an appreliensive 
altitude in tire mind of the gener^ public to- 
ward inland waterway transportation that is not 
alwaj-s justified. 

OAer than the digging of canals, the cluef 
improvement that has Ireen made in water Irans- 
portation Is in the carrier itself. The dugout 
canoe anti tlie reft were some of the earliest im- 
pTOs-ements on the floating log. The develop- 
ment of the power-driven loal or raft, svliether 
pTOpetled by man power, svind. steam, or diesel 
engine, was perhaps the greatest improvement 
in the carrier in that it allowTsl man to ascends 
stream against a current. 

ImprosTirwnts in the carriers of cxunmerce, 
however, were trot all that was needed lomaVe 
waierwaj-s useftd to man. Some streams flowed 
in the wrong tiirection, or had cimutoas courses 
which hati to tx; stiaightenwi and widened, or 


contaiited obstructions such as rapids and falls 
which had to be by-paased by canals or other 
means of transporiation. or were l^lacVrd by Ice 
during die srinler. In altempUng loovemome 
the natural handicaips so os to tn^e the wateo 
svay more serviceable as a carrier of commerce, 
man has built portage trails, railways, and canals 
and has spent money lavishly on many projects 
that ttever should have been attempted How- 
ever. tliese mistakes should not cause one to 
condemn «1! waterway projects nor overlook 
those that have been successful in the past or 
those that may be desirable in the future, in 
making improvements, either in the earners or 
the navi^ted waters, man must adapt las work 
to: 

I. Tlie physical condition of the water bodies. 

SL Tlie types of commodities to be carried. 

3. The ever-increasing commercial demand* 
resulting from an incrca.*lng population and a 
dian^g economic order. 

4. The rticduiucal development* and im- 
provements that are cwiltnually l>emg made 
wwfcr the spur of competition. 

Large sums ha*Y liecn spent by the United 
States government for imprtnemenU in har- 
bon anil rivers and in constnicting otnals. To- 
S73 
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day, jinprovemenfs in navigation are linked so 
closely with the development of water power 
and flood control on streams, as in the case of 
the Tennessee Valley Authority, that it is per- 
haps tuireasonable to charge the large appro- 
priations to navigation alone. The vanous vaD^ 
authorities should he analyzed from all points ^ 
view before they are either approved or con- 
demned. It is true that the ultimate consumer 
pays the transportation bill, but, when certain 
parts are charged off to national defense, per- 
haps this cost is not too great In the future, all 
forms of transportation by land and water 
should be studied so that the available facilities 
may be fully utilized by the people of the United 
Slates both in time of war and in time of peace. 
Waterways, railroads, motor-truck hnes, and air- 
lines, all have a place in the development and 
growth of a modem nation. The combined 
arteries of traasportatfon should be able to with- 
stand the shock of any commercial or militaiy 
demand 


WATER-BORNE CO.lOfERCE 

Approidmately 17 percent of the commerce 
of the United States is water borne. The rail- 
roads carry 43 percent, motor trucks 22 percent, 
pipelines under 20 percent, and aircraft less 
than 1 percent. Over many years the railroad 
and the waterways carried most of the com- 
merce, but in recent decades the motor truck 
using the pubhc highivays and the pipelines 
have become competitors for cargoes appro- 
priate to the carriers. 

Commodities in bulk make up the commerce 
along the coast, on the nverways, and on the 
Great Lakes. These bulky products move m 
quanbty at slow speed and at frel^t rates that 
give the water carriers a competitive advantage 
in the movement of such cargoes. The coml^na- 
tion of major commodities difl’ers with the 
waterway. Coastwise commerce is character- 
ized by the movement of great quantities of 
petroleum in fleets of tankers. Other raw ma- 
terials include mmerals such as iron ore, baimte. 
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sulhir, and a number of food products including 
coffee and sugar. On the inland waterways not 
induding the Great L^es the principal prod- 
ucts carried include petroleum and petroleum 
products, bituminous coal and lignite, sand, 
gravel and crushed stone, logs, sea shells, grain, 
and grain products. 

On the Great Lakes the trade from the Upper 
L.akes area consists chiefly of wheat and other 
grains, iron ore, limestone, and timber products. 
Upboiuid cargoes are dominated by bituminous 
coal for the Upper Lakes area. With the comple- 
tion of the St. Lawrence Seaway and the en- 
trance of ocean-going freighters into the Great 
Lakes the conunodities have become more 
diversifled. 


OUR WATERWAY RESOURCES 

The United States ranks high among the na- 
tions of the world in its navigation resources. 
The types of “waters” used for the movement 
of commodities are; 

1. Ocean waters. 

2. Seacoast harbors (the deeper inbracoastal 
waters). 

3. Intiacoastai waters, other than harbors. 

4. Lakes. 

5. Rivers. 

6. Canals. 

Ocean Jfatert. The total length of the “gen- 
eral" coastline of the contiguous states of the 
United States is 4683 miles, subdivided as fol- 
lows: Atlantic Coast, 1888 miles; Gulf Coast, 
1629 miles; and Pacific Coast, 1366 miles. The 
tidal shoreline (reaching into harbois to points 
where such waters narrow to a width of 3 stat- 
ute miles) is 7314 miles. With the exception of 
the Gulf Coast of Terras and Florida, junsdlchon 
over coastal waters extends only to the 3-mile 
fimit. Improvements for ocean and coastal navi- 
gation — hothouses and hghtships, lifesaving 
stations, and coast guard patrol boats and air- 
{flaaes — are for the safety of vessels and men 
These, although contnbuled by the federal 
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government, are international in lliclr lierrefils. 

.trijW/>/e-/^rj*o»e ir<irer-Ct>nf»t>/ /Vo/ecW 
sff/1 Xarigniton. Iliten in titelr natii/al state 
are not entirely satisfactory for the several pur* 
poses the)- are called upon to sers e. Navigation 
may Ire hazardous itt time of flood and iniposd* 
hte at the low-water stage. Tlic long-time efforts 
to maintain forests or walcr-reiaining vegetation 
in the upper seetioiu of a drainage are intended 
primarily to prevent rapid runoff, soil erosfun. 
and floods along tlic down-stream sections of the 
main stream. Tlie longer water can lie held on 
the land the ^«aler is the probability that the 
groundwater reserves can Iw built up. Tl>e 
building of dams along the Irflmtaries of a major 
stream may provide water for munidpal and 
Industrial purposes, for recreation, for power 
devclopmcRt, for imgation, and at the same 


275 

time help to reduce floods and provide water for 
tlic benefit of navigation in times of minimum 
Bow. It may lie neensary also to JwlM d.mu 
along the main stream diicily for iiasigation os 
along the dkio. llie Uiipi^r Mississippi, and 
several other navigahle riverways. In drainage 
liasim where tiie Ixmefitsare w^dc^ydlstnlnltls^ 
among different groups of people ft Irccarnes 
very ddlicult to assign costs among the benefi- 
ciaries of the ptiUic works required to bring a 
river and its tnlmtarics under control. 

^flr<MU{ llariMtri (ifie Deeper Inlroctiailnl 
Xfattn). Theeffcctivenessof acojsthneismeas- 
ured more 1^ the number and asablcness of the 
liarlMns tlian by length {Hg. 1). Those north of 
and including Qtesapeakc Bay ore spacious. 
From Sandy flnok northeastward they are 
largely (he result of glsdal action and drowning. 
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Boston Harbor is separated from the ocean hf 
dnimlios. New Vork Harbor is largely the 
drowned lower Hudson Valley. 

Along the southern Atlantic and Gulf coasts, 
from Sandy Hook to the mouth of the Rio 
Grande, harbors for the most part are estuaries, 
the restdt of drowning of valleys carved In the 
Coastal Plain. At Philadelphia, Baltimore, and 
Richmond the estuaries cut completely across 
the Coastal Plain to the Fall Line, hlost estuaries 
are shallosv and thus require much dred^'ng to 
provide navigable channels for modem vessels. 
Moreover, they call for continual attention be- 
cause of the tidal shifting of sediments. 

The PaciBc coast harbors, altliough ezeenent 
in general, arc few in number. The harbor at 
Los Angeles is largely man-made. Two shallow, 
manh-bordered water areas have been dredged 
into a very serviceable harbor. San Frandsco 
Bay and Puget Sound are excellent natural 
water bodies, requiring only the minimum of 
improvement. San Francisco Bay is a drosvned 
mountain valley; Golden Gate which leads out 
to the ocean is a drowned mountain pass. Puget 
Sound besides being drowned has been glaci- 
ated. The lower Columbia River Valley is also 
drowned. There are shifting bars at the mouth 
that require constant attention even with fairly 
permanent improvements. U w^ the shallow 
ss-ater of these bars that deterred Admiral Van- 
couver from clainung (he Columbia as a Bntish 
river; shortly afterwards. Gray, a New En^nd 
clipper ship captain, sailed up the Columl^ 
River and laid claim to the lands it drained for 
the United Slates of America. 

^Vith the admission of Alaska and Hawaii as 
the forty-ninth and fiftieth slates, rcspectivety, 
the shoreline of the United States was greatly 
increased and the natural harbor areas were 
enlarged, tn Alaska the island.guarded inner 
passage and lias's provide anchorage areas and 
docking faalities for a numlier of towns such as 
Ketchikan, Juneau, and Skagway. Prince Wil- 
liam Sound, protected from the wind and waves 
of the Cul/ of Alaska, pi'es access to Valdmstd 
Cordova. Artchorage fronts on Cook Inlet which 
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extends inland between Kenai Peninsula and 
mainland Alaska. Ihe port of Seward on the 
south side of the Penin^a was badly damaged 
in the Good Friday (I96i) earthquake. It is the 
Pacific terminus of the Alaskan railway, an im- 
portant access route to the interior. Alt the 
coastsl Haters have very high tides which make 
freight handling difficult and require high piers 
to permit loading and unloading at times oflow 
or high tides. 

The several islands that make up Hasvail are 
not deeply indented, but fortunately on the 
Island of Oahu a large protected anchorage area 
serves the port city of Honolulu and Pearl Har- 
bor. and adpeent land areas provide anchorage 
and space for on-shore facilities adequate for a 
major military installation. 

A harbor to be serviceable should be spacious 
enough to provide anchorage space and freedom 
of movement for vessels visiting the harbor. 
Since anchored vessels shift their position with 
changes in the svind and the tide, each vessel 
must have a space allotment greater in radius 
than the length of the vessel. The additional 
space demanded is proportional to the length of 
andior chain used Deep harbors arc not essen- 
HaL but they should be from 5 to 10 feet deeper 
than the draft of ships being served at lowest 
tide. 

Untd well into the nineteenth century the 
depth demands of ocean vessels were modest 
and little dredging of channels and ancliorage 
space Was needed The large barlwrs today have 
25- to 30- and even -JO-fool channels with a 
width of 300 to 600 feet. Harbor improvements 
that have to do with serviceable channels, an- 
chorage space, and turning basins are. as a rule, 
provided by the federal government. State, city, 
and private companies ordinarily provide the 
freight piers and channels to state, city, or pri- 
vate wharves or to dry docks and ferry slip' 

(Rr2J 

llarlnrs with broad mouths on low coasts 
require artificial breakwaters or piers for pro- 
tection. Ilarliors on northern nven or bkrt 
which arc subject to freezing In winter also 
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require lircakwatrrs. In Dfla«'are Bay, liotU 

tjp« of protectioti arc nccdctl 

Lagoon liarlwrs, ^tidi as tlic one at Miami, 
rwjuirc constaiU ilmlging to secure Uie rcqiiL 
site rffjith of the cliannel across <hc bar af llw 
mouth of the Ugoun. At Balliinorc, at the heat] 
of the rutapsco estuary’, a channel 20 miles long 
has been excavafet? from the city harliof to the 
35-fool bolxrth In Qieupcakc Bay. Near the 
mouth of York Bl\’er another cliannel 4.5 miles 
long has luid (n Iw dnslgeti in Chcsapcalc Bay 
to pros-iile a 35-f(V)t depth for large ocean vessels 
hound to or from Baltimore. As cities such os 
New York. HnfatJelphw, BaiUmore. and ©then 
expand thetr overseas commerce, additional 
wharf spac'e, anchorugc liaslns, and channels are 
called for. 

The silt-laden Mbtiisipjil makes the mainte- 
nance of a deep channel for ocean vessels from 
Che Gulf to New Orleans a costly project Silting 
at Imdi the iicad and the mouths (passes) of tlie 
cliannels of 'lilrd-fuot'' deltas, presents a prole 
lein which caQs for constant supervision and fre- 
quent dredging. Jetties' have not entirely solved 
the prohletns of providing a usable cliannel. 

An interesting harbor development on tite 
Gulf Coast is the llomton Ship Channel that 
extends 50 miles northwc-stcrly from die ocean 
across Galveston Bay, and (hence along San 
Jadnlo River and Buffalo Bayou. This thtmricl. 
with a depih of 36 feel and a width varying from 
300 to 400 feci, ends in a turning basin at Ifous- 
ton (Fig 3). 

Even Sdn Francisco Bay has reqxiired aid in 
deepening and widening its main sliip channel, 
and the Stale of California lia.s pven generous 
contributions to enable die hay ports to tiandle 
Arrgif rtjfccmey cr/ cvtmnenv. 

I T1iL( dn ice wu deUgned by junci B. Ejdi for Soulli Fo-x 
bi IS79. Jle anj iU jumcUtcf cmlrattfJ 1/7 jjMfpuio llw 
diunncl 2fi feel deep «nd tOO icel wide al U.e hilloni for • 
l<Tm of £0 y wc«. Hi* (o(»f mm p»JJ tlicra by 
WM SS.OM.OOO. AIiIioorIi Ihe Jelllc* »r« piobubty nwtt eflre- 
five (ban any olficr meUml lnn%m, olfict dc\-fce« are re«W 
lo enntrot (lie dll (400,000.000 tons a year) that u drpaa(ed 
ahete river currents meet ddal waters of Ihe Gulf. 
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fig. S $ra lrj>) »f ihe Mojine Texan , » ship desljfned lo 
Inaspon moitm siiUor In eoaitwisc eommetee, laniUtnl 
bar^ afro earry osof len mlfur aivnfr the {nfraeoutif Cana) 
anduptheMuaiuippI Blver. (Texas Cull buTphur Company.) 


The entrance to the Columbia River Is pro- 
tecied l»y jeMies, and frequent dredging is re- 
qiiircd (o maintain a 3.>foot cliannel across die 
liar at the mouth of the river at mean low tide. 
The low«r AVilLwnetfe ami lower CohimlHJ are 
liere considered intracoo-stoL From Portland to 
the ocean is 110 miles. In its original condition 
llsis section of the Coliin)i>ia had controlling 
depths of only 10 lo 15 feet at low water, but it 
now has a SO-foot channel from Portland to the 
JOfadtJ the csinaiyr, 

Harborj nnil TThfeririiys nnd fhe A'aliorinl 
fnfereal. After America was discovered the in- 
terior was explored along its watercourses. Until 
other means of transportation became available 
the waterways were used to settle and develop 
Uie countiy. All major means of transportation, 
waterways, railways, bigliw'ays, and airways 
have receivetl financial aid in one fonn or an- 




3 Tbe hiraitig basin and uppar barbnr nf the Psnt o( lltniston. This Diao-madc harbor has a 
depth of 36 {tel at mean low tide and b capable of docKog a laige miisber of ships, ll ii located 
SO milet froco the Gulf of ^feaioo Mod it cotznecfed with it bf the ffousloa Ship Qtaftnel. 
(Houston Chainber of Conunerce.) 


othei from the federal goveninient. Harbor de- 
velopment and maintenance, waterways and 
their special needs and long-tern maintenance, 
and the size of the dams, power houses, and 
other facilities necessary in the development of 
water resources are beyond the means private 
financing and rwjuire heavy contributions hy 
the federal government. 

Members of Congress and other political 
leaders hate often been accused of favimng 
economy in grvemment as long as public wtirb 
projects were in their particular stale or district 


approved for const r uction. Considering the 
number of steps a project concerned with na'i- 
^tmn must go through, only the most worthy 
proposals are likely to receive financial support 
and be constructed. A project may be proposed 
by an individual, by any one of a number of pri- 
vate ofganizatioos, or by an agency of the local, 
state, or federal government. A senator or metn- 
ber of the House may be asked to submit the 
project to the appropriate Public Works Com- 
mittee for consideratioo. By the time the pm- 
posal meets all the tests imposed by the Con- 


U'affnrayi uid Tlieir I'Ultat/on 
gressional CommiHees, llie Corps of Eiij^wcts, 
tlie Director of the Budget, and all Interested 
parties tlie proposal will Iw ready for the final 
steps in its development. After the appropria- 
tion hill providing for the financing of a particu- 
lar project passes both Iwases of Congress and 
is signed by the President, the Corps of Engi- 
neers may call for bids on the project, or struc- 
tures may be built, or some other work such as 
dredging be done by the Corps itself. In time, 
usually several years after an improvement was 
first suggested, the project is completed and 
becomesa functioning farihty in the economy of 
the nation. 

JniraeoaslBl JTbler$, Other Than Harhon. 
In addition to the major harbors, several other 
large intracoastaJ nuter bodies' have rorjuired 
but little Improvement to enable them to handle 
Inth ocean and coastal tnlHc. These indude 
Narragansett Bay, Long Island Sound, Dela- 
scare Bay, Cliesapeake Bay, Albemarle end 
Pombeo sounds, Tampa Bay. MobJe Day, Gal- 
veston Bay, San fWicIsgo Bay, and PSiget 
Sound. Lagoon waten are almost continuous 
from \cw ibrk Harbor southward to the tip of 
Florida and also border almost the entire Cidf 
Coast. Most of these shallow intracoastol waters 
and several deep Intracoastal water bodies have 
been connected by short canals to form (he 
great Intracoastal Watersvay that extends from 
Cape Cod Bay to Key IV'est. and from Apa- 
lachee Bay in Florida to the mouth of the Bio 
Grande. 

Lakes, In area of water surface, in depth, and 
in volume of commerce, the five Great Lakes of 
North America form the most important inland 
body of navigable waters in the woifd. This 
great waterway, in its cv^inaJ ccmiitioa, had 
tsvo distinct barriers to continuous navigation, 
one between lakes Superior and Huron and (he 
other between lakes Erie and Ontario. 

At the rapids in the St Marys River, which 
connects Lsi.e Superior with Lake Huron, the 
water is only 2 or 3 feet deep where it plunges 
over the resistant red sandstone ledges. Tlie first 
American sliip canal (with one lock) at the St 
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Marys rapids was completed in 1833. A canoe 
and bateau canal, however, had been con- 
structed on the Canadian side of the river !n 
1793. It was destroyed by the Americans in 
1814. There are now four chambers on the 
American side of Uie St. Marys River at Sault 
Ste. Marie, in two canals. Tlie deplhs of svater 
at the locks are 12.8 feet, 18 feet, ^1.5 feet, and 
24 5 feel, respectively. A sum of 5600,000 for 
the construction of a new lock in the St, Marys 
River at SauJl Ste. Marie was included In the 
appropriation bill for 531,600,000 for svater- 
rebted projects in the Great Lakes signed by 
President Johnson on December 31, 1963. The 
new lock will be 1200 feet long and 110 feet 
wide. 

The Canadians have a ship canal (and one 
lock) that accoounodates the largest lake vessels. 
All the locia are free (o the vessels of either 
country. The St. Marys River has been im- 
proved, and tivo channels have been provided 
for upstream and downstream navigation. 

On December 4. 1963. the Canadian House 
of Commons atithorized the borrowing of 
5180.006,000 for twinning four locks on (he 
Welland Canal.^ \Vhen completed the delays 
occasioned by more ships than the locks could 
accommodate will be avoided. 

In (he St, Clair and Detroit rivers, the con- 
necting waters between lakes Huron, St Clair, 
and Erie, much dredging and blasting of hard 
rock have been necessary to provide a 27-foot 
channel that would accommodate the large lake 
carriers and ocean gsing freighters which now 
serve the major ports on the Great I^es. 

The greatest obstacle to navigation of the 
Great Ijikes in the beginning was Niagara Falls 
Between 1B24 and 1833 the originai Welland 
Canal was constructed connecting Lake Erie 
and Lake Ontario. The chambers were deep- 
ened to 14 feet and lengthened to 270 feel. By 
1931 the canal had been enbrged and the locks 
rebuilt so that vessels drawing 27 feet could use 
this Section of the Great Lakes system. 

*Tht Cnol Lakes Seict 


I Lellrr, Vol 'HI, I9B3, p. • 
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Tliere are few natural harbors on the Great 
Lakes. Every harbor has had some improve- 
ments, which, in general, are similar to those 
of ocean harbors. 

Navigation improvements of the Great ladces 
in companson %vith those of the Mississippi and 
ocean harbors are permanent features Tides 
are scarcely discemible even with a tide gauge. 
The lake levels are ^ly constant, varying not 
more than 1 or 2 feel during the year and 3 or 
4 feet in a decade or two. The changes In the 
level are correlated closely with the relative 
amount of rainfall of the Lakes Re;^on. The 
velocity of the csirrenls in the connectingwalers 
I’aries but little from season to season, but river 
liarbors, like those at Cleveland and Toledo, re- 
quire close attention to maintain a uniform 
channel depth. 

The total length of the shoreline of the Great 
Lakes is 8345 miles. As a result of navigation 
improvements in the channels connecting the 
lakes and the numerous harbors, large vess^ 
(many 600 feet long drau.ing 17 to 18 feet of 
water) can sail 1000 miles from Buffalo (o 
Duluth-Superior, and about the same distance 
to Chicago, carrying ktads larger, la tons of 
cargo, than those in most ocean carrien. Some 
of our largest cargo carriers can transport 18,000 
to 20,000 tons of iron ore or an equal volume of 
coal or grain. 

With the vast expanses of water, hundreds of 
traffic routes could be developed instead of the 
few that now exist, if the demand for them were 
sufficient. 

Rireri, The navigable rivers of the United 
States drain into (1) the Atlantic Ocean, (2) the 
Gulf of Menco, (3) the FadEc Ocean, and (4) 
the Great Lakes. All of these, other than the Mis- 
sissippi and its tributaries, are relatively short, 
but length alone does not determine the im- 
^rtance of a waterway. 

In their ori^al condition, most of dieAtlan- 
tie-slope rivers were navigable for only short 
distances upistream from Ihcir mouths. Themvi- 
gable sections of New Elngland nvers measure 
but a few miles, for the rock of the upland comes 


nearly to the ocean’s edge. The only exception 
is the Connecticut which has a 12-foot channel 
to Hartford, 52 miles from the mouth. South- 
ward from New York Harbor the navigable sec- 
tions lie between the Fall Line and the intra- 
coastal waters, and it is largely in these sections 
that improvements have been or are being made 
under "existing projects.” 

Several rivers of the west Gulf coast have 
been used to transport commercial products, 
lajt because of insvScient water in these 
streams, they have not been satisfactoiy. At 
recurring intervals agitation is revived for mak- 
ing the Trinity River navigable from the Gulf to 
Dallas and Fort Worth, but it is questionable 
that this is economically feasible, even ihou^ 
physically possible. 

Only a few rivers on the Pacific slope are 
navigaUe. When existing pro;erts are com- 
pleted the Sacramento River will be navigable 
for shallow-draft vessels to Red Bluff, nearly 
250 miles from Suisan Bay; and the San Joaquin 
will have a shallow channel to HJls Feny about 
126 miles upstream. Since the region was settled 
river craft have used the Columbia f»m Port- 
land to the Cascade M’ater Gap about 180 miles 
from the mouth, or 50 miles above Portland. 
Canals and locks at the water gap of the Cas- 
cades open up long stretches for navigation {F ig. 
1). TTie WzU^etfe has long been available for 
shallow-draft river craft. 

In certain respects the greatest of all river 5)'s- 
tems of the world is the Mississippi. The Ahs- 
souri-Mississippi from the Rockies to the Gulf b 
4200 tniles long, the longest river in the world. 
The Missouri is 2945 miles long, the Arkansas 
1460 miles, the Ohio (ircluding its longest bead- 
water tributary) 1283, the Tennessee nearly 
1000, and the Cumberland more than 700 

Some 15,000 miles of riverways have been 
navigated the River basm. 

but the mileage of existing projects is far less 
tiian this (Fig, 1). It is more than a thousand 
mfles from Cairo, neat the mouth of the OhK>, to 
flie Gulf, and nearly a thousand miles from 
Pittsburgh to Cairo. St Paul, at the head of navi- 
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gation on the Mississippi, is 87-4 miles by river 
from ihe moulJi of tJie Ohio. Fort Benton in 
Montana, once the head of narigation ou the 
Nfissoiiri, is 2285 miles by svater from the mmitlt 
of the MUscnirl. 

Tlie navigable lengths of the rivers were once 
far longer than now — not that there is less water 
but the present standards of ciRdency, and even 
necessity, orehigJier. Many rivers listed as navi- 
gable in the past were navigable only during 
seasons of high water, 3 to T months of the year. 
The Ohio, for example, in low-water periods had 
only 1 to 2 feci of v.ater in portions of the navi- 
gahle cliannel. The Erst locks and dams were 
providedfot by Congress in 1879. Tlie first navi- 
gation dam and lock at Davis Island, 4 miles 
below Pittsburgh, was opened to river IrafRc on 
October 7. 1685. Other dams were constructed 
at later dates by special appropriations. On Sep- 
tember 28, 1929 President Herbert Hoover 
dedicated the New Cumberland Dam and Lock, 
the first of 461ow-Uft fadbties designed to main- 
tain tuvigariois even at times of low waler on the 
Ohio. These dims are now being replaced by 
nineteen new stntrtutes which will create poob 
80 to 00 miles in length. The project now under- 
way will require 20 years to complete at an 
estiuiated $10,000,000. 


M.\N’S USE OF THE WATERV.WS 

Use of the liirenrayi. Explorers, fur traders, 
colonirers, and farmer-settiers have found our 
waterways almost indispensible Our ocean 
harbors welcomed the first explorers and colo- 
nizers. On some of tlieni were founded the first 
settlements from which began the conquest of 
Uie land now included in the United States- Pur 
traders, the advance guard of civilization, used 
the lltKlson. the Connecticut, .several of the 
Ntaine rivers, and the St. LawTcnce for (heir 
operations. BnftJi and Dutch traders ascended 
the Hudson and Mohawk valleys to the Great 
Lakes, and the French came by way of the St 
lawrenco and Ottawa valleys to the some inland 
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sea whose drainage basin was once the greatest 
/ur-pfodtjong region of thecemtinent. 

The low divide between tlie Mississippi tribu- 
taries and the Great Lakes favored tfie xvidc 
wanderings of tlie French voyageurs in their 
traduigopcralioaswitli the Indians. After them 
into the heart of the continent went the British 
and Brithh-American trader along the same 
routes. Navigible uatenvays to tfiem meant 
rivers and creeks of a foot or more in depth. TTie 
birch-baik canoe was llie carrying agent, par- 
tkxilarly in the Great Lakes region It could be 
carried over portages and even pushed Ihrou^ 
marshes in wet seasons. As commerce eiptinded 
on Ihe Great Lakes. luteaux which were pushed, 
cordoned, oraailcd, carried European commodi- 
ties lo the French trading posts at Detroit, 
Mackinac, and elsewhere and retximed ladened 
with furs. Both Uie canoe and the bateau were 
used on ilie Ohio. Mississippi, and Missouri by 
fur Iraders. When pioneer fanners began to set- 
tle in the Mississippi basin, they used l^er craft 
to transport themselves and their household 
goods to their new homes on or near the nvors 
and to ship tiieir produce doivnstmm to mar- 
kets These primitive craft were Uie raft, the 
flatboat. Olid the kcciboat [Fig. 4). Some flat- 
lioats, siutablo only for downstream navigation, 
were 50 to 60 feet bng, and 20 feet wide. They 
could cany 250 to 300 barreU of flour or an 
equal wd^it of other products. The journey 
from the Ohm to Natchez or New Orleans took 
25 lo 30 da^. The flatboat used Uic cheapest 
form of propulsion — the river currents. 

The keelboat, although smaller than Uie flat- 
boat and therefore not an efficient earner in 
dawnstTeam trafiie, could nevertheless be poled, 
“bushwhacked.” or cordoned upstream and 
hence it remained important until the advent of 
steam power. 

All forms of river comers were eclipsed by 
the steamboat when It appeared in the early 
part of the nineteenth cenhuy. The Ncto 
Orleatts, tlie first steamlwat lo appear on the 
hnssissippi River, made its initial tnp from 
Pttlsbingh, where it was built, to the city of New 
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KULBOAT 


Fig. 4 Early means of tiansportalion on (he rh era of (be 
I'niled States, {From A SJulory e/ fi’acigallan on $h* Tru- 
fteaaee Hirer, ilouse Dneument SS4, 7Slh Congress, Irt 
Session, pp. 18-19.) 

Orleans in 1811. But it never returned, for its 
boiler and engine were not powerful enough to 
cope witli the strong currents of the Mississippi 
and Oliio. Effective steamboat navigation on 
llie Mississippi and its larger tnbutanes dates 
from alxjul 1815. Tlie fint river steamboats had 
hulls hke the CffmionI on the Hudson. In time 
the designers of nver steamers found that the 
huhsoftiucit vessels must Ik patterned after the 
ffatlxxit — long and iiroad. witli a shallow draft. 
In reality the riser steamers were flathoals wiili 
engines added. As time went on engines tuul 
lioilers of steamlioats were improved and the 


speed increased. In 1815 the Enferpnse steamed 
ttom New Orleans to l/ouisville in 25 days and 2 
hours. In 1828 the Teettmseh ran the same dis- 
tance in 8 days and 4 hours, and in 1852 the 
Eclipse in 4 days and 18 hours. The fastest lime 
ever made — even to dale— on the Mississippi 
was by the Robert C. Lee in 1870. This steamer 
made the 1200 miles between New Orleans and 
St. Louis in 3 days, 18 hours, and 14 minutes. 

Most steamers on the interior rivers beriveen 
1840 and 1870 were excellent passenger and 
packet boats — veritable floating palaces. No 
wonder, then, that the steamboat in its matunty 
was treated with respect, for it greatly reduced 
the costs of transportation. Besides, it was the 
only comfortable and speedy means of travel 
for long distances. It served, except in low-(vater 
seasems. a large part of the Mississippi basin 
within SOoTso miles of the navigaWe nvers. Ice 
gave no trouble south of the Ohio and very little 
on that river. The steamboat hastened the settle- 
ment of the basin. It earned settlers westward 
and afterward kept them in touch with friends, 
reblives, and markets that they had left behind. 
The increasing population in turn called for 
more steamboats. 

In 18^ there were seventy-two registered 
steamers on the Mississippi, by 1812 the num- 
ber had reached 400, and 5 yean bier there 
were 1200. It was estimated (hat in 1810 some 
40.0(X) men were employed in river transporta- 
tion and that more than 7,000,000 people were 
dependent on the rivers for transportation. The 
steamboat brought many economic advantages 
to the people that it served. The Mississippi 
basin for the first time was brought into connec- 
tion with national and international channels of 
trade. 

The Decline of the Stenmboat and Itirenra^ 
Tmnaportation. By 1850 a new form of iraav 
portalion began to dispute the supronucy of die 
steamboaJL. Railways usia" steam locomotive* 
wero introduced in the United States about 
1830, In the early days of stcamlioal traffic, rail- 
roads were not considered as competitors since 
roost lines were built to supplement water tranv 
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portation — to fill fn tlie gaps arcmiid rapids or to 
connect rivers and lalces with tidal waters. 

In the late IMO’s railways became a sul^eet 
of such importance that many state govern- 
ments and private corporatinns projected lines 
to connect navigable rivers or to extend from 
seaports to navigable rivers in the interiw. At 
fint all lines were short and in few iastances 
competed with steamboats. \Vhen the numerous 
short tines were consolidated into throng trunlc 
lines many of them were parallel to the rivets, 
and the slrujy;le for supremacy between steam- 
boats and railroads became active. 

Not always did the railroads fight honorably. 
They often cut frei^t rates to starve out the 
boat lines. Tlie Interstate Commerce Commis- 
sion, emix)v,eted to supervise raibsay rates and 
finance.5, was the public's reaction to such unfair 
activities. Tlie practice of lou'ering rates on rail- 
road lines that were competing with river trans- 
portation and raising rates on noncompeting 
Lnes to offset the loss in revenue, becamecom- 
mon. Even thou^i these unfair practices can no 
longer exist, public sentiment stfil condemns the 
railroad lor its hmer policy. 

Undoubtedly the greatest factor, hoisei'er, in 
the di>clinc of river transportation from the 
]860’s to recent decades was the changing con- 
ception on the part of the public of what con- 
stitutes elhcienl Itansportation. liailways con- 
tinued to Improve their services to meet the 
more exacting demands of the public, while 
steamboats made bttle or no attempt to mod- 
ernize their etjuipment. Tlie old generalized pas- 
senger-packet boat lud reached its highest stage 
of development in speed, carrying capacity, 
efficiency in loading and unloading, and opera- 
Ikax TbcrivcTSicatiMTof JKOdiffercdbolblllc 
fruni that of Ifi-tO. Out many irapnn'ements 
were made in the transportation equipmmtof 
the railways during the period. 

.Many ailverse natiuul conditkms existed oo 
the waterways of the United States, particu- 
larly on Uic Mississippi and its tributaries, which 
caused a decline in river transportab'on, jwmI 
practically none of these affected the railroad. 
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Some of the major natural handicaps of rivers 
are: (1) wrong general direction, (2) meander- 
ing courses. (3) falls, rapids, and snags In the 
streams, (4) ssvift currents, (5) ice, (6) fluctuating 
volume, and (7) relatively small trihutaiy are.i. 
In addition to these natural handicaps, the rivers 
also suffered £n competition with tlie railroads 
because: 

1. The flow of commodities was variable. The 
steamboat for the most part served agricultural 
regions whose marketable products svere lu'ghly 
seasonal. 

2. At liest river steamers were slow in com- 
parison to railroads. 

3. Tenninal faciliUes were usually inade- 
quate. 

These adverse conditions and many others 
broiii^t about the near extjnction of the old- 
time passenger-packet steamboat on our rivers. 
Only a fesv am now engaged in the transporta- 
tion of freight. Many nver cities have one or 
more that are in the excursion business. 

After World War U several palatial river 
steamers designed to cany vacatioa passengers 
have appeared on the Ohio, Tennessee, and 
Mississippi nvers. The most important company 
operating this type of service is the Greene line 
Steamers with headquarters in Cincinnati. Tlie 
type vessel used (Fig. 5) is similar in external 
aj^arance to the old river steamer but the 
interior accommodalioas have been completely 
itiodertuzed to provide for every comfort of its 
passengers. The lounges, public rooms, and 
staterooms are newly decorated and completely 
air-conditioned. OUier attractions for tounsts 
include sun-decks, cocktad lounges, southern- 
style cookuig and a dance orchestra. Cruises 
operate from Cincinnati to New Orleans or St. 
I\iul on the Ohio-Mcssissippi, and to Muscle 
^loals on the Ohio-Tennessee. Even vvilh this 
moderniaalion. Iiowever, steamlioats cannot 
compete with railways, liighways, or airways for 
passenger traffic, except for pleasure trips. 

Again the adverse conditions have had to be 
reco^jired and avoided or eliminated in the new 
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5 Tlic S. S. Della Qurtn oa the Ohio Rfvef. TUs 
luxury river steazaer prcmdei regular pleasure cruises M 
the Ohio, Ntississippi, and Tennessee riverv (Creene Line 
Sleamers. foe, Ciacbmtti.) 


era In river transportation that Is now upon us 
before river transportation can hope for success. 
The railway's which were so successful in the 
stnig^e of the niseteeath centur)' are stiU tvith 
us, and moreos'er are impmved. Auto*tnicks 
and good roads, which in certain types of traffic 
are more serviceable, are oSenag keen competi- 
tion to both railroads and waterways, and the 
height-carrying airplane b surpassing all of 
them for hi^value, small-bulk comroodilfes, 
because of its greater speed and its abilily to go 
in any direction. 

Riverway transportation oa the Mississii^ 
was at a hi^ level in 1S59, just before the hos- 
tilities between the North and the South sev- 
ered commercial relations and the trade of the 
upper Mississippi basm turned eastward. 

l'»e of ihe Great Lakes. The Great Lakes 
have never experienced tlie decline that char- 
acterized the history of na\-igation on the rivers. 
Railways act as feeders from the fanning and 
mining repoos to the west of the lakes aod con- 
nect the lakes with the Atlantic. Even if the cost 
of navigation improvements are considered in 
determining “real” rates, railways can hardly 
compete with the large lake vessels. The great 


siye and specialized character of the carriers, 
thw speed and lack of interruption en route, 
aiul the numerous labor-saving devices used in 
loading and unloading at the lake terminals 
make for efficiency in modem transportation 
equivalent or superior to that of ocean trans- 
portation (Fig. 6). 

Steam navigation on the lakes began in 1818 
when the steamer \Va!k-in-the-\Va{er made its 
first trip behveen Bufelo and Detroit Travel 
between the tiro cities was reduced from 5 da}S 
to 48 hours, and the journey was accomplished 
with mud) greater ownfort By 1826 there were 
M steamers on Lake Erie. From Lake Ene, 
steamers entered the commerce of lake Huron 
and Lake Michigan, though sailing vessels long 
continued to cany a large part of the commodi- 
ties on these lakes where the services of tu^ 
were scarcely needed. Sailing vessels found 
some difficult in navigating the St. Clafr and 
Detroit rivers unassisted, but a large percentage 
did use these waters. In 1852 there are eighty 
steamboats, fifty barges, and 270 schooners cn 
the Great Lakes. The completion of the "Soo" 
Canal in 1855 extended the active traffic lines 
into Lake Superior, and soon iron ore became 
important in lake commerce. 

The increase in the size of lake vessels has 
kejrt pace with the increase in the depth of 
oavigalde channels. The&stwatenvayimprove- 
menCs were made in the harbor at Eric, Penn- 
sylvania, m 1825. By 1851 nearly 13,000,000 
bad been spent on harbor and river channel 
improvements. A 20-fool channel project was 
adopted by Congress in July, 1892, In 191® 
Congress authorized a preliminary examination 
and survey with a view to enlar^g the channel 

to 22 or 23 feet. Subsequently, appropriations 

have been made to deepen channels to 25 or 26 
feet. In certain channels where the currents are 
strong, and especially where fogs are frequent, 
as m the St. Ala/ys River, two channels arc pro- 
vided, one for upbound and one for downbound 
vessels 

Today the greatest physical obstacle to naw- 
gabon on the Great Lakes is ice. The season 
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f1|[. 6 At the Bethlehem Steel Corporadon'i pleni at I^chawaniu, New loriu a -tOOd-fL-long ship 
ra/utl herbon ere loalt from the Crul Ijilia, and huge unhadm M the err freiii the camert in 
17-190 biles. A SO.DOO-ten caparily ore trswl can be enpiied In eight boon. (Bcihidiem Steel 
Cerpofition.) 

of navigation varies from 225 to 240 days. For Tbe importance of the Great Lakes in do- 

olvtut a third of the time each year oil movement mestic and foreig^i commerce lies in (I) the 

miiiJ cease except for the Jce breakers Uiat op- width and depth of die channels, (2) the large 
erate acrcKs lake hlichigan and lake £ne. Hie rize of the Uke cairieri. /3) tbe eXGciency of the 
long period of inactivity Ls not so serious to tbe loading and unloading devices. (4) the comple- 
continued sttocess of water transporlatiorr as lion of the St. Lawrence Seaway, and (5) the 
such a period would 1)0 on the lower MississipjM. location of the lakes between areas producing 

for the great bulk of the commodities carried baric raw materials and a densely settled m- 

are iron ore, grain, and lumber. TJie grain can dustn'al re^n. 

1)0 transported to ea.stern markets in the fall In the adjacent industrial region are produced 
Wfore tlie navigation season closes. Iron ore, large quantities of coal. The blast furnaces of 
coal, and luffllicr can l)e stored readily. the re^on consume most of the Iron ore pro- 
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ducvd in our countiy, and the demands /or the 
grain of the western part of the region are peat. 
In no other region of tlie world is man utilizing 
navigation resources as in the Great Lakes 
repon. 

RECENT DEVELOPMENTS IN 
RIVER TRANSPORTATION 

Transportation on the Mississippi reached its 
lowest point betsveen 1900 and 1920. There had 
been roughly a half century or more of rise 
followed by a period of decline in riverway 
transportation. 

Haibon, the deeper coastal waters, and the 
Great Lakes show a steady rise in traihe move- 
ment. There has been a gradual and profound 
advance in the capacity and efficiency of the 
canien aod bei^t and passenger teemiD^. 
The growth of railways rided overseas com- 
merce and also, to a certain degree, coastal and 
lake commerce. Deep-water transportation like 
that of our Great liikes or coastU waters has 
little to fear from railway or motor truck com- 
petition. 

The Federal Barge Line, The new era in 
river transporUtion was ushered b about 191S 
when the federal government look over the 
railways and the director general of transporta- 
tion appointed a comnutlee to study the possi- 
bilities of reviving or bereasbg commerce on 
the rivers, canals, and deep waterways. The 
committee b 1918 recommended that a fleet 
of modem river earners be created on the lower 
Mississippi River and another on the Warrior- 
Tombigb^Mobile rivenvay. Congress that 
year authorized the War Department to proceed 
with the development, and thus the Missi$sip[» 
Wamor River Barge line was created, l^rge 
appropnations were made to develop efBoent 
wafer carriers, and the work b channel im- 
provement was speeded up. By 1920 thebe^n- 
nbg of a fleet of modem tugboats and efBaeut 
barges was b operation on the Mississip^ and 
on the Wamor-Tombigbee riverways. The In- 
land and Coastwise Waterways Service, under 


the direct control of the M'ar Department, was 
created to operate the steadily incrcasbg fleet. 
This Venture wa.s far from successful. TTie fed- 
eral government lost on the average $1,000,000 
a year between 1920 and 1924. To pve the es- 
periment ftirther trial Congress in 1924 created 
the Inland Waterways Corporation, a quasi- 
independent organization. The federal govern- 
ment fjurchased capital stock in the corporation 
from lime to time and made donations or special 
appropriations. 

The major function of the Inland IV’aterways 
Corporation was, as the articles of its creation 
staled, to demonstrate to private companies the 
feadt^ty of bland water transportation. IVhen 
success had been demonstrated and private 
corporations showed a wilLngncss to utibze the 
watenvays, the federal government was to retire 
from ibe Beld. The IM'C’s engineers exkibiled 
nmd» enterprise and inteBigence in developing 
efBcierit carriers. The larger barges have a cargs 
capacity of from 2000 to 3000 tors, but there 
arc many smaller ones which vary from 400 to 
1500 tons. The towboats are among the most 
powethil ever constructed on inland rivers. The 
largest are of steel, twb-screw tunnel type, 
powered by diesel engbes. The corporation also 
owned several car floats, oil tankers, derneJa. 
and Icrmbal and landing barges (Fig. 7). The 
federal government through the IWC main- 
tained federal barge lines on the lower Missis* 
sippi (New Orleans to St. Louis), the Warrior- 
Torabigbee (New Orleans to Port Binmngham), 
the nibois River (St. Louis to Chicago), the 
upper Mississippi (St. Louis to Muineapolis), and 
theMissouri(St. Louis toKansasCity). 

In 1927 the federal bvestment m the Inland 
Waterways Corporation, which paid no toteresf 
on the loans from the federal government, was 
24 million dollars. It paid no taxes except m* 
directly in the rents to mimicipahries for the use 
of their terminals; it paid no corporation taxes, 
no uisurance, and no office rent. Private opera- 
tors would be called upon to meet these costs. 
The “way” over which the Federal Barge Lines 
boats traveled was also a federal contribution 
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Fig. 7 A dry.4Ugo barge for uaa oa the MMtdgpf River am) cocuKeting rritervrayr, (Federal 
Barge Utei.) 


Th« competing railroads, hoH-evcr, had do sudi 

AdvacUge, 

In 192d the IWC achieved what it had been 
attempting— ‘the coordination of river and rail 
transportation. The Interstate Commerce Coin- 
mbston ordered (he railways connecting with 
die barge Lnes “to establish a svvceplngsystcin 
of barge-nul aod lail-lurge-rail rates and routes” 
for shippers who desired to combine water and 
rail facilities. 

During 1052 die Inland ^Va(e^waJS Oorpo- 
T&tioQ made a profit of more than 1 million doI> 
Urs. and in the summer of 1953 thegoveroment 
finally sold the Federal Barge Lines to the St. 
Louis Shipbuilding and Steel Company, for the 
sum of 9 miHun doUars. tn transferring thb 
government barge lirre to private capital after 33 
years of opciatioo at public expense, certain 
terms were stipulated, such as (1) that a certain 
number of trips must be maintained on the Mb- 
sivrfppi, Missouri. Iliinois, and 8V'arrior riveis, 
and (2) that no disidends be declared until the 
enlire purchase price, plus Interest, has been 
paid to the government. With total river ton- 
nage much p'eatcr today than during llte so- 
cafied guidon age of river transportation. 


Federal Waterways expects to develop this into 
a successful business.^ 

In 1963 the enabbng act that created the 
Inland Watersvays Corporation was repealed. 
The function of Corporation as the creditor 
of (he St. Louis ^pbiulding-Federal Barge 
(successor to the St. Luis ShipbtiJdiog and Steel 
Company) was assumed by the Secretary of 
Commerce. The new owners, up to the end of 
1962, had invested 516,427,077 in new equip- 
ment and the reliabilitation of old equipment. 
The schedule of annual payments to the federal 
government was renegotiated in 1958 and the 
final payment to the Secretary of Commerce 
is to be made by June 30. 1969.* 

Polenrny fmprortments. Smee afwul 1873, 
desultory improvements have been made in 
various rivers of our country. Often improve- 
ments in one part of a river bore no relation to 
those in uiother. Even moderate federal apprts- 
priations w-ere not requested until a decade or 
two after the decline in river transportation set 

r*B«rHnc oil FrUen) lUrne," Btiswfta WWL Augoit IS, 
ia5Afip.)ce-)a7. 

comcmmlcmbon, from A. C* la^rnoD, Jr., 
dm, Fvdenl Boj'r lino, Ao|;uil IS, I9U. 
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in. Tlie lower the traffic figures sank on ihenver- 
vvays the more insistent became the demands. 
At the same time the railways were extending 
(heir lines and improving their service. Tlie 
development of good roads and autotrucks have 
^ven both the watersvays and railways serious 
competition. 

Exhiing liii er /Vtyeci*. Nearly every river 
that has been navigated in recent decades, if 
by nothing more than motorboats. Is included 
in the list of rivers receiving federal funds. Tlie 
svaterways map (Fig. 1) shows most of the larger 
existing projects. 

Eariy improvements in Our svaterways con- 
sisted of (1) Iniilding dams of loose rock from 
the bank to the edge of the deep channel. (2) 
removing rocks and snags from the main <dian- 
ncl, and (3) constructing devices to prevent the 
caving of banks, “niese did not require large 
appropriations. Substantial dams and locbwere 
constructed and channels were dredged when 
large appropriations were made available. 

The phenomenal growth of postwar nver 
traffic h^ been due in pan to the increase in 
traffic on the Ohio Rivet. This has been the result 
of four factors: (1) marked improvement in new 


types of barges (Fig. 8), (2) improvements in 
terminal facilities at Pittsburg, Cincinnati, ami 
other river ports, (3) a de-emphasis on speed in 
transit for certain classes of goods, and (^) rapid 
growth of industry along the river. Since the 
close of World War II, more than 2500 new 
industrial plants have been built along the Ohio 
River, representing an investment of billions of 
dollars. Of the variety of commodities carried, 
four ^oups. coal and coke, OH and gasoline, 
chemicals, and iron and steel, account for most 
of the tonnage.* 

This heavy increase in traffic on the Ohio has 
greatly overtaxed the capadty of the old locks 
and other structures, and the United States 
Corps of Engineers now have a plan for ulti- 
mately replacing the forty-*« outmoded, and in 
some cases dangerous, locks with nineteen new 
structures. When this is done and when other 
improvements are made, the Ohio River wU( be 
one of the most modem as well as the most used 
of our Inland watenvays, other than the Great 
Lakes. 

^'Rtnirgmee ei Ihe Risvi BoAt,” SiontAIy Bwineu Re- 
tinr. Ffdml Rome Bank ot aevtland, Febranr 193*. 
fP- 4-10. 



Fig. a A multiple tow of both loaded and empty bargea m die Ohio River. Note the several 
types of barges that make up the tow. (Dravo Corporation.) 
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TIIE ADVIS^UULITV' OF RIVER 
AND lUnOOR I.MPRO^'EaiENTS 

Hie rjuestioii of the advisability of waterways 
involves a consideration of (1) the total cost of 
improvements, (2) the financial retuins, and 
(3) a comparison of the relative costs of provid- 
iog svater and rad transportatran, where sudi 
comparison is possible. 

There seems to be little question about the 
advisability of the improvements that the federal 
l^vemment has made In most of the ocean and 
lake harbors. Expenditure of Urge sums of 
money on improvements of ocean harbors and 
channels to make them serviceable for a long 
time In tlie future Is certainly good business, 
although there are, no doubt, many ports at 
which (he expenditures can hardly be justified. 
One must agree also that tlie amount used on 
the harbors and the channels coonecting the 
Great Lakes is money well spent. 

Cw/r o/ jyanfportatha, Wr^nray rer»»* 
Rallicay. Advocates of riverwaya claim that 
ilverways give shippers much lower rates than 
do the railways. This is true, but river carrier 
rales are not based on the same complex of items 
as railway rales. Railways must purchase the 
ri^t-of-way, construct roadbeds and trades, 
and provide depots and terminals. They must 
provide traffic equipment, a large part of which 
is idle many weeks eadi year because of the 
seasonal variation In the flow of traffic; pay im- 
mense sums in taxes on their tangible properties, 
and hire a veritable army of employees to keep 
the right-of-'vay in perfect condition, to man 
the traction equipment, and to keep the proper 
records demanded by efficient operation and 
hy the Interstate Commerce Commission. 

In contrast, waterway rates are based only 
on the cost of operating the power boats and 
iurges. With privately owned common carriers 
the shipper pays for the craft. The way is pro- 
vided and maintained, the locks (it any) are 
operated, and the ciiannel lighted to make iravi- 
galion .safe and reduce insurance rates by the 


federd gwemment at no cost to the carrier. 
Cities usually fumMi terminak. Only the traffic 
equipment is taxed. The very expensive "way” 
pays no taxes. If the shipper does not recom- 
pense tlie federal government the general public 
must. The ta.Tp3yers of the United States pay 
the entire cost of transportation, directly or 
indirectly, whether by rail, water, highway, or 
air. They have iheri^t to demand the cheapest 
fonn of transportation available, consistent with 
adequate service. If the common carriers on the 
Ohio, for example, svere operated on the same 
basis as the railways, that is, if they were called 
upon to meet these hidden costs and amortize 
the capital investment through a 50 year period, 
their actual rate would have to be considerably 
higher than that of the railroads. 

Id this discussion of relative costs, no con- 
slderatioo has been given (o Che possible alloea- 
tion of some of the costs of navigation dams to 
fiood control, power development, and recrea- 
tion. 71ie reason for not considering these other 
uses is that, so far, federal appropriations on the 
Ohio. UlicKds, upper Mississippi, and the Mis- 
souri have been made specifically for navigation. 

The Jntrarcastnl T^terwey or Cattah The 
location and depth of the various parts of this 
waterway are shown on Fig. 1. Cape Cod Canal, 
Lxmg Island Sound, and Chesapeake Day be- 
long. in our classification, to the deeper intra- 
coastal waters. It is on these that most of the 
commerce of the Intracoastai \thtersvay is car- 
ried, The deeper sections, as previously staled, 
represent proper investments. The Chesapeake- 
Delaware Canal carries a fair commerce, mainly 
between Baltimore and Philadelphia. Its cost b 
far less than the value of the commodities moved 
annually. Tlie channel from Norfolk to Beaufort, 
North Carolina, has much less traffic. Commerce 
on the shallower channels to the South is largely 
local. The chief lieneficiaries of the shallow 
Atlanhc Intracoastai Waterway as a "throu^- 
loute" are owners of private yachts and other 
pleasure craft who migrate lictwecn northern 
ports and Florida resorts. The Gulf Intracoastai 
Waterway between Apdachee Bay, Florida, and 
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on many rai]H‘3)'S leading out of tbe great dis- 
tributing centen. Streamlining is aa aid. Since 
water is SOO times as dense as air, an increase of 
the speed of frei^t carriers on liverss'ays can 
be obtained only at a tremendous increase in tbe 
consumption of power. 

TIIE ST. L.\\niE>'CE SEAWAY* 

The five Great Lahes constitute the finest in- 
land waterway in the world, but for many yeais 
the rapids in the St. Maiys River between Lake 
Superior and Lake Huron, tbe Niagara escarp- 
ment between Lake Erie and Lake Ontario, and 
the series of rapids on tbe St. Lawrence limited 
through traffic. The possibility of a deep-svater 
vaifA fontt Cwai. Laijei ta fb/z «ea.badLbeea 
the dream of commerce-minded people since 
the beginning of settlement in the New World. 
^\’he^ Jacques Cartier reached the turbulent 


Matm of tbe St. Lawrence above bfooCred in 
1535 he called them La Chine Rapids. 

The Canadian government built a 14-foot 
canal around the rapids that permitted shallow- 
draft boats to negotiaie the St. Lawrence be- 
tween Lalce Ontario and the sea. After the 
WeOand Canal and its eight locks were com- 
pleted in 1931 interest in the Great L^es-St- 
Lawrence Seaway was renewed. 

After many years of discussion in Canada and 
ia the United States and eitcnded negotiations 
between the twx) countries the construction of 
tbe seaway became a possibihty. Opposition to 
the project came from (1) the Great Lakes car- 
nets, (2) the coal-mining industry, (3) the ports 
along tbe eastern shores of the Great Lakes and 
<*«. Atlsataii is/lG'jll stss/s,, iffd ^*0, tbft wil- 
loads In time their opposition, sometimes 
exaggerated, was overcome and the seaway be- 
came a possibility.® 
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MONTREAL 114 MILES- ^ 

— Canadian section se miles »>| 



World War 11 deiT»OH?trotcd the need for the 
St. Lawrence Seaway in the defense of Anglo 
America. The avaHabillly of the hydroelectric 
energy was an Incentive to Improve navigation 
and develop the power resowrees simul- 
taneously. 

The active and official cooperation of the 
United States and Canada began when the St. 
Lawrence agreement was signed on March 19, 
1911. Involvement in World tVar K and a sue- 
cession of dilBculties in the postwar period 
delayed for more than 10 years the passdge of 
the legislation necessary for the coastmcOon of 
the seaway. Much of the delay was failure of the 
United States Congress to pass the necessary 
legislation to antboilzc and finance the projecL 

The Canadian Parliament enacteil le^^tion 
in ihe fall Session. 1951, to borrow 300 rmllKm 
dollars to constnict the waterway entirely on 
the Canadian side. President Truman supported 
die Canadian proposal but expressed the hope 
that the project might be a joint undertaking of 
the two countries. In his January 28, 1^2 mes- 


sage to Congress he urged tliat the St. Lawrence 
Sraway and Power Project receive support. In 
urging Congre.ss to enact the necessary legisla- 
tion to permit cooperation with Canada he 
mentioned the foUoiving. 

1. Iron ores of the Upper Lakes Region were 
being depleted and the high-grade ores of the 
Labtador-Qucbec area would soon be needed 
ly the steel indmtiy of the United States. 

2. If Canada built the canals, the tolls neces- 
sary to finance the project would be set by 
Canada. Since much of die commerce along the 
waterway would originate in or be destined 
for the United States, it should have some au- 
thori^ In establishing the tolls. 

3. On the basis of a long-term fnendsiup be- 
tween the twn countries die project should be a 
joint undertaking. 

It svas not unhl May 6, 1954 that the 83rd 
Congress In Public Law 385 passed the neces- 
sary fe^slation. A week later, on May 13, the 




n$. 11 cvmptcbon of the SL Lowtooco Saway In I9S9 prraiitted oenn-goiDg ihipt dnvr- 
lag ka than 27 f«et Iq meb the Croat IaIov Id tbit *iew (be ShrmarpriJe out of Vow tbit b 
tid up at dockside at Detroit. The Ambassador bridge bet«*on Detroil and Canada u shown in 
die bactgrouod. (Fbolognph br Albert C. Ballest.l 


me&suie was signed bj' President Eisenhower, 
2 years after President Truman's message to 
Congress urging enactment of a bill authorizing 
the project (Fig. 10). 

The cost of the project was $471,000,000, of 
which $131,000,000 was borne by the United 
States and $T40,0OO,OOOby Canada. The project 
tvas completed and fonnaDy dedicated on June 
26, 1959 by Queen Elizabeth II and President 
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CHAPTER 15 


Floods and Flood Control 


coDtTtA and u»Ai} deve]opinent of tvater 
in our streams constitutes ao important segment 
of the larger problem of water conservation. In 
the operation of the hydrologic cycle the return 
of the water to the sea from which it was origin- 
ally derived provides on opportunity to use the 
M ater lieneEcially and as far as possible to pre- 
vent destructive floods. Rivers come into exist- 
ence as the result of precipitation falling on the 
land and have as their ultimate destiny the re- 
turn of die waters to the sea. Because the lands 
receive their predpitation at irregidar Infervab 
and lx*cause the amount varies from pface to 
place, the streams resulting from tlie runoff are 
markedly irregular in their discharge. In fact, a 
stream with a uniform floiv does not exist. 

If all of llip precipitation that falls couM be 
alisorlied into the earth and then discharged 
more or less steadily or uniformly, most streams 
could l>e confined to their channels. But an iii»- 
portant proportion of the precipitation that falls 
never becomes a part of the reservoir of under- 
ground waters but flows quickly to the water- 
courses. swelling tlic streams l>eyond their con- 
straining banks. The plan'd stream which be- 
tueen lainstann-s is so attractive and useful 
Iiecomes in times of flood a raging torrent. With 
its carrjing capacity and its competency greatly 


increased, a nver Jn flood l>eccvnes a pou'erfuJ 
agent of destruction. 

The fertile alluvial lands of the Nile, the 
Tigns-Euphrales, the Hwang Ho, and the Mis- 
tissippi. the creation of their respective rivers, 
have been repeatedly inundated These and 
other great rivers are, at the same time, tlie 
givers and the destroyen of bfe and properly. 
The flood problem may be said to have its be- 
ginning when the excessive waters denved from 
ninoff and from underground sources spread 
beyond the banks of the stream channel. On 
occasion, torrential rains may produce flooding 
of local areas by the runoff from highland areas 
to the adjacent lowlands, the water not having 
readied the channels of either tlie permanent or 
iotermiltent streams. Usually such floods pro- 
duced by sheet-wash are of short duration and 
cause Lltle water damage. The principal damage 
is done by rill erosion and sheet erosion on the 
slope lands and by burial of llie adjacent low- 
Itnd areas under a layer of sediment. 

FI.OOI) OESTRUCTION 

It Is difficult to determine exactly the extent 
of flood cknuge ami to compare in a satisfactory 
manner one great flood with another (Fjg. l). 



DISTRIBUTION OF ESTIMATED FLOOD LOSSES IN THE UNITED STATES 
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This is due in part to the tendency to overesb- 
mate 8ood damage, paiticxilarly at the time of 
the flood. In 1913 the damage from floods along 
the Mississippi and Ohio rivers was computed to 
be in excess of $162,000,000. The great flood of 
1927 caused a total loss of more than $284,000,- 
000 within the Mississippi drainage basin. The 
unprecedented flood of 1937 along the Ohio 
caused damage estimated at $417,000,000, not 
including sod losses. The "duck drowTider'' 
flood along the Mississippi and the tnbulanes 
in the St. Lotiis area in the summer of 1947 
caused an estimated damage of $160,000,000 
to agriculture alone. The long-continued flood- 
ing of the lowlands of the Columbia during the 
early summer of 1948 caused an estimated dam- 
age la excess of $100,000,000.' 

In 1936 New England suffered from a dis- 

' Douglas Wi PolivVa, Chief, Teshnleal Infennatioa 
Branch, Ofhec e( (he District Engineer, Fertian^ District 
Persanal eornmunlcattm. 


astrous flood, the result of heavy rains falling 
on frozen ground in norllieastem United States. 
Hie Atlantic slope from New England to Florida 
is subject to occasional floods which damage 
riverine property amoimting to millions of dol- 
lars. Along ^e coast of Florida flooding aho re- 
sults from the hurricanes which are accom- 
panied by heavy precipitation and high winds. 
These strong onshore winds drive the tidal 
wafers inland causing inundation of knv-lying 
areas. 

Id mid-August 1953, Hurricane Diane moved 
northward across North Carolina, Virginia, 
Maryland, and Pennsylvania and then turned 
northeastward across northern New Jersey, 
southern New York, and southern New England. 
This storm, coming closely behind Hurricane 
Connie, dumped an enormous quantity ofwater 
into (he river basins, and as a result southern 
New En^and suffered on Aupst 19-20 and the 
foBowiog few days a major disaster (Fig. 2). The 



Pi*. 2 Flood (Umiige in Puloem. Conoecllcut. ciiued Imfricmne Diane «m August tO, IMS. 
(Con** of Cnglneen.) 



damage from Hurricane Diane v. as estimated by 
the Army Corps of Engineers to be $1,677,000,* 
000 . 

Late in 1955, northern and central California 
was subjected to serious flooding whidi resulted 
from continuerl heavy rains in the mountain 
areas (Fig. 3). Immediately after the flood waters 
receded, there were pleas for flood-control prt^- 
ects. which, if approved by Congress and the 
President, would cost approsimalely $2,000,- 

ooaooa^ 

Flood Damage to Traniparlalian Facitilies. 
Tlie predisposition of the people to pre-empt 
the rich riverine lands for agricultural, indm- 

Tori Timet, Juiiury 15, tSSfi. 


Conservalton of Natural il«ource* 
trial, and commercial purposes subjects them to 
the hazards of recurring floods. Hailroad builders 
found the land adjac-ent to watercourses nicely 
graded and therefore well suited for the raJway 
lines, and as a consequence the flood damage to 
railway property has been high. However, the 
damage is lessened by the studied relocation of 
the traces and the r^esign of bridges. As data 
on floods have become available, the lailwaj'sin 
order to protect their large investment have 
spent millions on the relocation of tracks and 
bridges. 

Flootl Damage in Urban dreat. Many of our 
large cities, such as New Orleans, Cincinnati, 
St. Louis. Pittsburgh, and Nashville, were 
located on rivets when the watercourses were 




rig. 3 Breik in the levee eloog the Feather Rj>cr near ToImGcj. Calilnmia, December 24, 1! 
(Divisioii of Highways, California.) 
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try, the occasional winter floods may be very 
destructive. The floods of spring may invmdate 
newly planted fields and delay replanting imbl 
it is too late to secure a fully matured crop. 
The immediate losses in a single season may 
be offset somewhat by the enrichment of the 
lowland by the deposition of silts. 

PmSICAL CONDITIO.NS 
AFFECTING FLOODS 

Cautes of Flooth. Floods are the result of 
many conditions working singly or incombina- 
bon. Usually no single cause can be assigned the 
whole responsibility. The immediate cause of 
most floo^, however, is the crcessive runoff 
from precipitation of high intensity, although 
many other conditions may be necessary to 
cause a great flood. Although most floods are 
related direclly to heavy precipitation and the 
immediate surface runoff, floods are also caused 
by dam failures, ice obstructions, high ttdes,and 
^es. 

Precipitation Featuret. Rainfall is not a con- 
tinuous but a recurrent phenomenon. In the 
United Slates the results of the occasional rains 
can be combmed into several distinct types. The 
long-time averages give the normal annual rain- 
fall regimes for the several sections of the United 
Stales. Ward* resolved the thousands of indi- 
vidual rainfall records into fourteen ina)Oj types, 
but these may be further reduced in number. 

In northeastern United States the annual 
precipitation of 40 to 45 inches is quite eveidy 
distributed throughout the year. During each 
month su£««it predpitab'on is received to 
maintain a continuous flow of water in the 
streams, allhou^ occasional droughts may re- 
duce some to insignificant trickles. This is the 
“New England type" and is characteristic of 
much of the northeastern part of the country. 

Farther west the qoanffy of p feerptfatwa is 
reduced and the regime becomes characterized 

> Rob«r1 D* C. Wirf. TV Oimatrt of the ISuW Sloleo, 
N«w\aHi. 1925. 


hy a late spnng-early summer maximum. Since 
&is distinguishing feature is common to exten- 
ave areas within the Missouri basin it is known 
as the “Missoun type.” Toward the Rocky 
hfountains the quantity of precipitation is re- 
duced to 10 to 15 indies annually, but the 
re^me remains essentially the same 

Along the Gulf coast the annual precipitation 
of 55 to 60 inches is so distributed as to produce 
a moiKomi-like maximum in the summer with 
two periods of minimum rainfall in May and 
October. This is the “north Gulf coast type,” 
which is modified along the south Atlantic coast 
by the late summer-early autumn hurricanes 
which produce a secondary maximum in the 
early autumn. 

In much of the semiarid and arid interior of 
North America the seasonal regime of the pre- 
cipitab'oo is of little significance as a flood factor. 
The floods are due chiefly to melting snows or 
to tonential downpours f^ng on banen ground 
or on steep slopes. 

Along the Pacific slope of western United 
States the numerous rainfall records may be 
resolved into the "north Pacific type” and the 
"south Pacific type." Both are ch^cteiized by 
a winter maximum and a summer minimum. In 
the south Pacific area the winter precipitation is 
much less than in the north and the summer 
becomes an extended dry season. The bmited 
motshire is inadequate for agricultural needs, 
and most crops require irri^taon. Floods arc 
generally confined to the ramy season or to the 
spring and early summer (Fig. 5). 

THE iSTENsrrr of PRECiPiTATio.N. The sur- 
face runoff which is the chief source of fiood- 
wateK is dependent not only on long-continued 
precipitation but also on heavy storms of short 
duration. A 2-inth fall of rain would hardly pro- 
duce a flood if it fell in a drizzle extendmg over 
several days, but if it were concentrated within 
an hour or two the resufting runoff would in 
areas of steep slopes produce local flooding. In 
a large section of eastern United States a 10- 
minute rain of more than an inch may be ex- 




pcarf In 25 )*«.< Such 
short cliiTJtion are Oie cause o 
flood damage in bmited areas {F ig. o?- 

■n„E,e.,2»^;ora.= Oh.o^.en^»^,^ 

disa-stroiis inundalion of lJ3i. _h 

taied to the conjunction of tsvt. major <ur masses. 
^D.vW U ^.n.etI. 

Mi>e. ruh. 2M, U-S. Dq-rt™™* ^ P* 


The flow of warm moist air from the Gulf of 
Mexico northward over the edge of a stationary 
cool air mass results in heavy frontal rams 
which, if long continued, cause excessive runoff 
awl destnictive floods.* 

»CI»d« F. Bn-b Alfrrf II. 
dogy of Crcl Flood. In iHe Ewlcn. I'olt^ Sut». Cro- 
g4*l«l Bm«r, y<^. 27. «M7. f1>- 
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(\fonUria /l/ghwa^ Dv^^rtsncat.J 


ii»«(i considmntr danugr in Curin Naliurul Fmfc. 


and many other conditions. In mudi of eastern 
United States die maximum ninoff comes in Ibc 
spring months, chiefly because the winter srwws 
upon melting add their contribution to the 
spnng rains and die frozen condition of die 
ground prevents sink-in. "nie nmoff is iisually 
lea.st in late summer when occasional droughts 
and high evaporation reduce the amount of 
water that reaches the streams, and in the mid- 
winter when subfreezing temperatiues mwn- 
tain a snow cover, thus delaying runoff untff 
spring. The winter minimum is qiUte character- 
istic of the more nortliem states because of the 
Severity of the svinter season. In die interior of 
the country where the late spring-early summer 
marimum is a characteristic feature of Ihoiato- 


faH the ina.xinuim dwcharge of tiie streams lie- 
comes more sympathetic with the rainfall 
regime (Fig. S). 

In New England the runoff shoivs both a 
spring and an autumn maaimiim The most 
disastrous Hoods are associate!] wlh the melting 
sooivs of spnng, a.s illustrated by the floods of 
eariy March 1936, and with the occasional but 
heavy rams of late summer and autumn. 

In the western part of the United Stales the 
Riaidmum runoff comes chiefly in the early sum- 
mer. Along the Pacific coast Ae winter precipi- 
tation may produce floods immediately, as was 
true within the Sacramento basin during the 
svintef of 1936 and along the Willamette in the 
winto' of 1948, but itTually tlie precipitation 





Arei^^ 

falls as snow in the mountains and is not reieased Hoods on such major streams as the Missis- 
untU spring and eady summer. As the snow sippi, the Misouii, the Ohio, the Columbia, and 
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and genllc stopw ninoff may I*: Jclajrd smIB- 
denlly to pcnnil infittration. Uil tn rep<m* of 
steep slopes there b a rapid streainwanl move- 
nicnt of the surface svatcr rmfesa pn*cipitut]on 
b hglit and spread out sulhilenfly to give lime 
for infdtratirjn to t?ie resersofr of tuideipwind 
Maters. In rwgjed aiw« with sleep slopes tor* 
rmthl r.alns are acconiixiniesl iwiiaJly by rapid 
ruDolI and flooring of the loulands along the 
watcrrouTSCS. A heavjrprolctlingcosef ofvege- 
tatton may reduce snineMiiat the runoff and 
coiisctjuenlly 0>e flood tUraige. but forested 
areas are not free from floods. Slope, stream 
density, and odrer terrain conditions arc im- 
portant factors in determining Uie flow or div 
cluige of a river.* 

In the Ixisin of the Red RWer of the North tlie 
annual predpitalion averages approximately 21 
inches and the surface runoff is only 1.25 in^cs. 
For die Missiixippl basin atiosc Koekttk, fowo. 
the precipitation asxfugci 20.51 inches, of 
s*l»lch fl OS inches, or approdmately 23 percent, 
are lost liy surface runoff. Here the slightly more 
nigged lernUn and the tncrcaied prccifwUlion 
are conducirv to a greater mnoif than b char- 
aclerislk of Ihe nearly level Red River plant. 
As fllustniled by Ihe Tennessee River, the 
sti-epcr slopes of the southern Appalatlilans 
cause even greater runoff. Tlic projiorth«t es- 
capmg to the streams svidiout having Ijecome a 
part of the groundwater reaches nearly lialf of 
the average annual precipitation of 50.30 inches. 

OnViirution of Rirfn. The orientation of 
streams k a significant factor in the flooding of 
tiio adjacent floodpfaiiis. In Sitx-ria die north- 
ward courses of the Oh, the Yenisei, ami the 
Lena arc favorable to flooding liecause spring 
comes to the hcadstretim areas wlule Ihe itorUt- 
em and downstream sections are still frozen. To 
a limited eatent ihc Red River of the North Is 
affected in a similar manner liecause of its soutli 
to north orienlalton. 

In much of continental United States the 

"Wilirr LangVln *nJ olJwrv r<a»'5«;>lilc Otaraclrr. 
lallrt of thairuif^ Boifnt. XXalcr Supply Piptfr 90%.^ tlS. 
G«ii1ugic«1 Sur^ry, VVwlitjigton, D 1W7. 


general raius of cyclonic origin and Uic local 
ihundcrstonns move from the west toward llic 
cost. The Oltiu drainage fiasiu is so onentnf (lut 
frontal rams may occur simultaneously and 
repeafexUyover the full length of the watenhcil. 
Fortunately, most of llie storms move iifjsfrcam. 
and precipitation falls first in tlie lou er icetion 
of the walmhw) anti a part of the runoff is dis- 
charged rlownxtreaiD lie/orr the waters from the 
headrtream area reach the lower course of the 
river. Along sectioiu of tlie hfUsouri and other 
western IrilMitaties of the Mississippi stonn 
movement is downstream. Generally the storms 
mov-e more rapidly than tlie flood crests, ^\ate^• 
courses that are oriented transverse to the patlis 
of local thiuxlcntorms may escape serious tlam- 
age, for llte flooded area h lihcly to lie restricted. 

Soil And Roefi fiiuidiiinns, FIoixls occur >a 
part because the soil and tlie soil material arc 
nrubic to atnorb the precipitation as fast m it 
fallv or before it escapes os sheet wa.xli. Inhere 
the surface sot] lun-Msts of coarse sands and 
gravels which permit a higli profwrlfon of tlic 
predi^tatmn to iafiltrate to the iindergmund 
rescATiir, floods seldom occur unless the ground 
b saturated or frozen, or the intensity issogrrat 
that excessive runoff results. In die Coastal Plain 
of the Atlantic and Gulf cu.uls where iheundcr- 
lylng formations are particularly porous, there 
b little danger from flixxb of local origin. 

In the Great Lakes states where die glacud 
drift consists of sand and gravel die danger from 
floods Is not great. Here also the slight relief of 
Ihe gUcial landscape is conducive to infiltration. 
These sandy and gravelly areas are particiiiariy 
ciiaractcrLstic of Michi^n, central and northern 
LVtscanfl'n, and nortlieastem Minnesota. 

\Vhwc the surfaev soil is tlayey and more or 
less Impervious to Infiltration, the ninoff will l>e 
heavy in all storms of great intensity, In the 
Piedmont and the Soudiem Appalachians both 
the surface soil and the underlying crystalline 
rocks have limited storage (Opacity, and, as a 
result, the many rivers are subject to flood. At 
limes of heavy storms destmetive floods may 
spread beyond the protecting chaiinefs and 



9 M«p shovuig the locilion of llie major floodwav^spatlw t\'%iuid oilier 8oo<i-cofl)trol 

m the lowland of the lower ^IIsnsgppa hawn. (M^bs^^ Rner Commisswo.) 
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proCTWs seawTird caasiii^ dama);e in die Cxvwlal 
rtun. where ibods of local origin are raihcr w 
common. The mn^l tUwstrons H«kU are^ 
herited from the Apiwbcliiam an‘l 
to the major streams that rise in the cr> 

areas to anil north. co„ms 

Uuil ic loss nine Uirir coiitso lull) l«>l'n<-'- 
borfarrf Irtiolly by rather slreit 'lop" 

Hoodwatcrs ila not tnnndate ertens.ve 
And many streams lliat (Insv on more 
padienls are coiomonly liorfered *y 
allusiuntoovrtrcd Hats which arc |I,e 

limited noodmg when the ttscre nsc atoc M 
protretlng Innls. Along such ^ 

damage resijls Irom lmiodal.cm. b» 
roads, and other sttwctiires tluil 

Ihc rivers stiller from the rtiih of ‘ 

lUscr. soeh as the kllsstwlppl 
Ittmois, and many others flow ™ ' 

broad alluvial plain. MVre the ^ 

low Ihe strre.^ Wlows « STSi 

Ue most notable csample of ’"‘'j , 

Ihe Unllesl Stales Is Ihe lower ''3,^ 
thougl, slreomi of all sizes may l« eliaraetert 

\”X"s.r.omsdm.«uw^o.j;" 
Vial pblns arocommonlylior^re^y‘ 

natural lev-ces of their owmer i,, 'it. yp into a 

Boodlog, “ “Se ri™' l> 

proteetmg natural levee. ■ ,.^,*000 the 

Sned, cscept for Ihe tnaj ^ 1 way from llic 
proteetlnglcvees. The Und ’'” 1 *' "Xdrtdnesl 
Sve, to loWnSbaeVs;^l» 
by smaller rivers w'“h Bow 

to the master stream, s i^,,p Jerivedfrom 

m the Vazo. type, the pUo of 

the stream of ll>at name .j.j gj_ 

the Misslwlppi atm™ |i Lrder Ihe 

Since the natural ^ 

streams are made hy « ^ w-ater 

pected that in ° ^llnund-steertcnsive 

will rise alx>ve the lev« .yj^g^e the levees are 
areas beyond the levee . ^ ihrou^ 

low or weak the crevasses, la 

to the back ssvamp areas y 7 
time of high water there « alway 


that crevasses will I* fonned. By this prc«-« of 
levee ImflAng attd silting of the l*aek stsamp 

areas the afluvialplsdn is built up. 

The seaward estcasion of die della of die 
Mhsissipiii iwdts in a „ 

Uie strtSn, As a conserpience the river bottom 
b Inult up sligldly to nuintain die necessary 
.Tadient. Later Hoods will ImiW “P the adjacent 

plain. 

n.oon co.vriuH. 

To eseope the danger of floods voriores control 
meosores ellher singly or In comblnalion have 
been utilued to provide the necessary protec- 
0O.L Prolwbly one of die earliest methods wm 
to evacuate die area at the first wan^gs o 
impending tLmgcr. Tliis method Is still used 
wTn S H a failiue of odier protective meas- 
ares. Throughout the history of civiliaed man 
the fertile alluvial lowbnds have l>een preferred 
areas of liabitalion; and. as higji wat« menaced 
periodically the homes of die people he p.^ 
twtmg dike or levee Iwcame one of the first 

inclhods of defense against floods. 

Omnnrl /mprt.irmenr*. One of the simpksl 
and most individual method, of flood protection 
is clumncl improvement. Along rebUvely small 
streams riparian owners may without a 
deal of erpen-ve improve a stream ^ 

clearing out olislnictions such as brush and 
troes. Acciumdated dibris from pre^om HockIs 
may be removed, facilitating the discharge of 
Qoodwaters. thus preventing the slrcani from 
overspreading its banks and inundating adjacent 
Undi This simple method is usually accom 
panied by a straightening of the channel by cu^ 
ting across meanders and other sharp w 

local flood-prevention ^ 

effeeUve unless the stream is aggr^ng it^s chan- 
nel and building up its floodplain, nen ihe p^y 
efforts of man may be wasted in a futile attempt 
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to prevent flood damage. The control of such a 
stream >vil] require preventive worts in the 
headstream areas and perliaps along the lower 
cotuse as welL Channel straightening has the 
effect of steepening the gradient, thus increasing 
the velocity. Unless the stream is loaded to ca- 
pacity, it will deepen and perhaps widen its 
channel sufficiently to cany the water of subse- 
quent floods if the course is not allowed to be- 
come clogged with debris. 

Local improvements in the channel planned 
to protect only the adjacent property may actu- 
ally increase flood hazard dow-nsUeam. Im- 
provements designed to facilitate the rapid 
downstream movement of water along the tribu- 
taries may heighten the flood crests along the 
master stream. It is because of the conflicts of 
interests within a drainage basin that all flood- 
control W'orVs should be coordinated, so that 
preventive measures applied in one area may 
cot nullify the worVs in another. 

FroiMfan by Lereen. Levees are very com- 
monly associated with other local preventive 
measures used along the smaller streams as weD 
as along such major streams as the Mississippi 
and the Missouri Short levees are usually con- 
structed where the banls are low io order lo 
maintain a unifonn channel height. Cbannel 
stiai^teoing will require fill-ms and protecting 
levees to make sure that the stream in time of 
flood is confined to its new channel The levees 
or dikes should not be placed too close to the 
river’s edge, but set back somewhat, leaving 
room for other preventive works along the 
stream and providing a safety margin in antici- 
patioD of unprecedented floods. Such a system 
of protecting dikes will require a correlated sys- 
tem along the tributaries and a series of gales 
to provide for the drainage of the lowlands out- 
side the dikes in time of tow water la times of 
flood the gales will have lo be closed, prevent- 
ing drainage of the lowlands. To avrnd local 
inundation it may be necessary to install pump- 
ing equipment to lift the water over the levee to 
the mam stream. 


The confinement of a river between closely 
spaced levees creates a dangerous situation be- 
cause the floodwaters, no longer having access 
to the floodplain, rise above former levels and 
increase the danger of breaks or crevasses This 
danger may be lessened somewhat by a scouring 
and a deepening of the channel which becomes 
a restricted floodway in time of high water. 
Temporarily, at least, Jevera give protection to 
nverine property, but there is no general agree- 
ment as to the effectiveness of the method. 

Levees as n protective device have been most 
eitensively us^ along the lower .Mississippi, 
but they are necessary along many of the major 
tributaries such as the Red, the Arkansas, and 
the Illinois. Many of our principal cities are 
located upon the larger rivers, and wherever 
there is Ukely to be eitensive damage lo \-aluaUe 
urban properly by inundation protecting levees 
has’e been constructed. 

It is estimated that the flood damage along the 
niinois River averages more than 52,000,000 
annually. The watercourse is bordered by espen* 
sive levees which in many places arc located 
too dose to the river, rnulting in disastrous 
breaks and extensive inundation. Because of 
(be high cost involved in (he maiutenance of 
the system of levees, limited areas once used for 
farms have reverted to Gieir former condition 
and nosv are used for floodways and game 
refuges. 

Along the Red, the Arkansas, the White, and 
the Ouadiita rrvers the construction of levees 
has given inadequate protection to more than 
2,000,000 acres of alluvial lands. The system of 
levees needs to he reor^mzed and coordinated 
into a unified project not only for the sake of the 
2,000,000 acres now receiving partial protectioo 
but also to give increased security to the 7,000.- 
000 acres subject to inundation m times of hi^ 
floods. 

tereej alonjr She Hirer. Levee 

construction along the Mississippi was begun 
at New Orleans m 1717. The first single mile of 
levee was gradually extended upstream, the in- 
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<L\1duaI planters assuming resixinslbility for 
their respective sections along Uic riscr.^ Since 
the early settlers along the Nfississfppi wTre in- 
terrsted in navigation&s welt as flomi protection, 
the levees were so placeti as to serve tlic dw.tl 
futiction of facilitating commerce and giving 
protection to tltc rid) alluvia] Linch. 

Recurring floods along the river called for 
additional levees conslricted chiefly hy ripar- 
ian landholders, by counties, parishes, levee 
hoards, and tlic several states. Many areas were 
unable to assiune Uielr full sliare of ihe res{Mn.si* 
hihly, and as a result floodwaters overtopping 
the natural levees spread dowTistream itnimjal- 
Ing familrncls' locally uvU protectcsi. As a rcsiJt 
of the lack of coordination of the Icvccryslenis 
and tJic alrsence of protective works in thesec- 
lions still remaining in the public domain, there 
developed very early a mov-emeal for flood con- 
trol by tire federal government. 

Tlie ever-growing levee system was severely 
tested by tfu disastrous flood of 1839. which 
destroyed imporlant sections of the system. 
Before aderjuate repairs could be made the 
Civil War, hke s scries of destructive Iloosls.had 
as one of its unforttinate consequcHces a de- 
terioration of tlic levees. And during the recon- 
struction period recurring floods, culminating 
in the great flood of 1882, armvscd the nation to 
Ihe need for adequate protection. In 1879 Con- 
gress created die Mississippi River Commission 
uliich was charged witli the responsibihty of 
drarving up plans for preventing flood damage 
and supervising expenditures for fliwd-contiol 
works. 

Tlie commission established the standards for 
levee construction and olhenvise cooperated 
with local agencies, such as levee boards, in 
providing the necessary protection. Specifica- 
tions for levees and other control works have 
been revised from time to time, but continual 
efforts toward standardiaation and coordination 

r Andrrw A. Ilimiphrrj* and Henty L. Ahlxit, S'T®'* “P®" 
IVwIte- 

p»nmrtil. Wmlunglon, D C. IS74, p. ISO. 
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of systnas liave resiJted in constructive al- 
thoagli inadeejuate protective works, as was 
deinonstrutcd by the great floods of 1922, 1927. 
and 1997. 

Conj^s \ry a succession of acts from 1917 
to lOSl has provided funils for the control of 
Anock on liic .Mississippi and at (lie same lime 
aiithorucd the use of melJjculv otlier Jliaii Icvce 
building to protect the alluvial Imltomlands. 
The federal government also assumed a larger 
share of jhc costs. The use of floodways, created 
by the set-lmck of major levees, indicated recog- 
nition of Ihe need of the river for a larger share 
of llw tiollomLind Tlie Flood Control Act of 
1990 autlxirtzed the ewfistnictJon also of retard- 
ing Insins bi Oic iipix-r reaches of the allitvul 
Kasin. 

Spilltray* onit Unoiltrayt. Tlie natural his- 
tory of a river confined to a levee-protected 
mirse tndudus not only an overtopping of tlte 
levees in bmo of flood but also Ihe breaking of 
wide gaps m tfic levees permitting the flood- 
waters to escape lo the back swamp areas. Be- 
cause a large river may at times need more of tlie 
floodplain tlian Is available between the levees, 
an additional floodivay may be pros’ided in the 
lower backswamp areas. Such floodways should 
be protected by dikes and coordinated with the 
levee system of the master stream and its major 
tributaries (Fig. 10). Old crevasses may Iw used 
for tlw spillways throu(|ji which the waters may 
be diverted to the fio^ways. 

In the lower section of the Mississippi the 
water that seeps tlwough or overtops the levee 
sloes not return to the river but flows to the Gulf 
of Mexico by way of Uie Atchafafaya River and 
the Bayou Lafourche. Tlie latter is a levee- 
guarsled channel extending from Donaldson- 
viBe, Limisiana, almost to the Gulf. This condi- 
tion along the lower Mississippi illustrates how 
the diversion of waters from the main stream 
may lower flood crests in tlie downstream sec- 
tion of tile river and for a limited distance up 
stream. 

The Mis.sLssippi River Commission from its 
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inccjdion in 1ST9 to the d^istrous flood of 1927 
when 23,573 square nules^ were inundated 
stood rather Enniy fcff flood control laiw^- by 
levees. After the 1927 flood, the commisdon’s 
polics w-as broadened to include a tnore compre- 
hensive scheme of levees as a Erst line of de- 
fease supidemented ty spillways, ficodways^ 
and other protectha measures. 

In 192S Congress recognized the >-alidi^ of 
the floodwat method of aHesrating the flood 

•ifomMm ttfldArr Kennr. Soppfcwwt S. 19ST, a, M. 


dinger and provided for a ssstem of floodways 
to stqjplement Uie Icsets along the Mississpp- 
By the time of the 1937 flood, les-ees. floodwass. 
u ps tr eam reservoirs, and other protective meas- 
mes were accepted as essential in the oser-aB 
cootrol of the riser. 

Above N'ew Orfeans the Bonnet Carre flood- 
way can be used to discharge the floodwaters of 
the Mississippi mto Lahe Pontchartiam and thus 
pTmlde a measure of protection to the down- 
stream communibes. The Moigania floodwa' 
above Batoo Roore can be used in dmeo/etner- 
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lo tlnfrt fliJoduaJers in iJw CjiJf of 
Meskf) bv w’ay of ll»e Icvee-piarOwl Altha- 
faliya fmJn (Fig. 11). 

Krlarifinf! ffnstn*, Alotig the rivets 

that have bmtJ iMturai lesres atxl npjnsi^e 
baeV-swamp arr.is, rclartlinj; liaxins tnay l« 
dcveliipctl as a means of te«hicinj’ tl«e Bootl 
crests. Water disdiar^nf frottt the constricted 
chanJwl of a major river i:i fioo«l inay raise U>e 
level of the water In the swamp area very 
sSi^tly and at the same time may reduce Itic 
fioo*! crest nifficfcntly to present sertons flood- 
ing or iLimagc to «)ther protective works. Tire 
retarding dams are iisiully constmeied of earth 
except for the spillways or the gateways and so 
desfpved that local flixxfwatcn acvnnttibte lie- 
hind the dams and are slisclurged aiitontaticalK*, 
maintaining a banV-fuU coii<litian along llie 
watercourse, ft sucli retarding bavins are 
cq«Jp[*ed witJi outlet stnitttircs and contml 
gales, the innnal emptying progress may Iw 
arrested. 

After the Dayion flood of 1013 tfw hfiaini 
Comervancy District of Ohio was organized to 
protect the valley from such disastrous floods. 


Five rctardiiig dims across the Great Mioriti 
River and its IrUxitaries were constnicled Tills 
flood project svslh its retarding tUms. levees, 
amt ciunnel improvements fias f>ccn regarded 
as one of the most shccosImJ llood-contml 
metlkods, ahhongli there has ticen no flood eqad 
to tlic 1913 limmUtion to test its efTccllveness. 

tlaotl Citnirol .ffwres fpsfrenm. The «m- 
stnMlfcm of storage reservoirs for flood preven- 
liuit al'Mic Is a costly method of control unless 
the reservoirs may !« used for oilier purposes, 
such as water suiiply, {Xivver, recreation, amt 
the regiiLilton of the low-water level uf the 
nuster slieam. MulUplc-pvtrjvose reservoirs are 
fecommcndi-d unless there are conflicts that 
cannot lie easily resolvwl. For example, a reser- 
voir to be u-wfid (or vvatcr power must Iw kept 
as nearly full as possible. Init tJie same reservoir 
to lie effective ill llie prevention of IIckxIs must 
lie kept empty so iJiat tlw floodipites tan lx* 
tlosesl In time of emergimcy Tfils conflict may 
Iw resolved l»y a series of dams, »omc of whith 
ate liuilt primarily fhr flood coiilnil and oUters 
desipied for the generatiun of power A large 
tlam. vvluth In cflevt Is two dams in one, may 
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serve both purposes. The lower section €if the 
dam may be used for power and be kept as 
nearly full as possible while the upper section 
may be av^lable for water storage if a Sood 
threatened. 

Many of the reservoirs that now serve as 
flood prevention works were constructed for 
other purposes, and flood control svas a second- 
ary, although important, consideration. For 
eiample. the \Vilson Dam on the Tennessee 
was constructed for power purposes, but it also 
helps to regulate the flow of the lower course 
of Ae river. This dam is now a part of the Ten- 
nessee Valley Authority which includes several 
multiple-purpose rcser\x>irs. 

In the Cucades and the Sierras the many 
dams constructed for power purposes and for 
the storage of irri^tion water minimize the 
flood hazards resulting from melting snosvj. 
Such dams not only reduce the flood crests but 
also may improve the low-water stage of the 
rivers, lie great dams such as the Hoover Dam 
on the Colorado, the Bonneville and the Grand 
Coulee dams on die Columbia, and the reser- 
voirs on the Missouri are all part of a long-range 
water-conservation program. 

The construction of many small dams in the 
headstream area of certain major streams not 
only will serve fn flood prevention but also will 
provide recreational opportunities. If the stored 
water is not needed for culinary purposes these 
numerous reservoirs may be used 1^’ a large 
number of persons if they are easily accessible 
to the pubhe. 

The flood problem has its engin where the 
min falls upon the land, and if there is to be 
eHective downstream control of floods, there 
must be flood prevention at the somces. The 
Flood Control Act of 1936 committed the fed 
eral government to a program of reservmr con- 
struction m the upstream areas of rivers sulgect 
to floods. 

In order that reservoirs may have a long life 
and serve the function of flood prevention, 
efforts should be made to prevent their silting 
Up. The drainage basin above a reservoir should 
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be so protected from erosion that ma.dmum 
capacity of the reservoir can be maintained. If 
the nmoff carries great quantities of sediment 
into the ponded waters of the reservoir, the 
capacity may be greatly reduced. Not all sedi- 
mentation can be prevented, but If the water- 
shed is forested or grass covered, the load of sflt 
carried by the stream is reduced to the 
miiiimuni. 

To be most effective reservoirs should not 
be placed too far upstream, for such placement 
will require more dams and will intercept only 
a Small proportion of the nmoff. A downstream 
location as near as possible to the area to be pro- 
tected is to be preferred. One major dam across 
the master stream just above the area subjected 
to floods will give greater protection probably 
than ten smaller dams m the headstream area. 
It b not recommended, however, that the large 
dams be substituted for small dams in the tribii- 
taty areas but that a coordinated system of 
reservoirs be considered not only for flood pre- 
vention but for other water nee^ as well 
The Flood’Contml Controrerty, In essence 
there are two principal locations where flood 
control can be carried out. In the headstream 
areas where the excess precipitation occurs, run- 
off can be reduced by maintaining an effective 
vegetal cover or by agricultural practices that 
tend to bold the water on the land. Small dams 
constructed on the numerous tributanes of the 
master streams are presumed to be adeejuate to 
prevent or at least reduce flooding downstream. 
The other approach to the problem of floodingis 
to constnict levees, dams, flfxxfways, and other 
protective structures m the areas where the 
floods occur. In many drainage basins because 
of the need for agrrctiltural land, it is hardly 
feasible to maintain a forest cover that normally 
is most effective in reducing immediate runoff 
Smee much of the land in many river basms is 
under cultivation to meet the needs of the peo- 
ple for food and fiber, it is impracticable to 
maintain a luxuriant cover of grass which Uke 
forests lends to reduce rapid runoff 

Because of the basic differences between 
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llicse two concepts of flood ermtrof, the pn>- 
{»)nciiH Juve frtKletl (o o»^ani7<» {ficinsclsrt 
Into opposctl CTinjK, and as a conscrjvicnco err- 
tain agencies of tlie gwcnunenl Imve l>econ>e 
idcntifictl or allied \sil1i one eatnp or tlie oilier. 
For example, (lie Corps of Engineers, U-csilsc 
of IM long concern «ilji nasig;t>K>n in lliclovief 
courses of the major coastal streams and Itecattse 
flood control on the lower Mississippi and on 
other streams v,-as carriet! tail more or less Inci- 
dental to llie hnpruvement of naWgatbm. is 
generany favorable to the use of downsircam 
structures. 

Tliosc wbo liclics'e in a solution Iiased on land 
Tnanagetncnt ami die use of luinienins small 
ilims in the upstream ams are allied with the 
Department of Agrksillua* in its bid for Con- 
gressional support of Us erosioo-conlrot program 
and bnd-managemeiit pbtis dial are designed 
to conserve tite soil resource so etsentlal lo high 
productivity of ibe land. Uy strip cropping, con- 
icnu cultivation, die reduction of over pasturing, 
and by other mea.siircs, the soil, water, and forest 
resotirctsf are to fie conserved fn the headstream 
areas.^ 

Tills conflict lias been specifically W«e1ed 
the “big dam— little dam cimtrovcrsy" and Im- 
plies diat the Corps of Engineers is the strong 
pitiponenl of liig dims on the main stem of the 
principal risers and that die Department of 
Agriailturc and Us suisporten arc in favor of 
small detention dims in tfic Iieadslrcam areas. 
Ji may Iw observed, fjoivevcr. lhal llie differ- 
ences expressed are not entirely irreconcilalile. 
Many cnjpnecrs rtxogiii/e that certain dams 
weft placed on important iriliutan'es may l»c 
very effective in reducing if not in proenUng 
floods. Snell well-placed reservoirs may serve 
other purposes as well, such as nninidpal water 
supply and recreation, but they will not satisfy 
the I.uid-rtianagentcnt people uho may have 
licen denied aderjiiate funds to carry out Ihdr 
programs. The conflict has brought forth some 

'For BB rtlrixlctl lUiciiuian ol tliU ronlrovcny •ee tomi 
8. t«i)pr>ld and TKomaa Sladdock, Jr., Tlia CenrruC 
Con/nuYT^ hc" York, IQSl, pp 83-0^. 
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wry strong statements by the proponents of 
Imth px^nts of vfeu'. 

Ill Mid-Morcli 19&I die Ohio River, repeat- 
edly suliject to floods, overflowed its banks and 
inundated extended sections of Ihelxiltomkind. 
tn press releases dates! March 13 and 21, Rrfg- 
adjerCeneraJ W. P. Lelicr, Ohio River Divlrkm 
.Army Digineer, reportctl that 30 of the pro- 
ject^ 30 flood-control twervoirs and 62 flood 
walls and fes'CCs s.'ivisl approsinutcly $290,000,- 
000 in flood (Lmiage. He also estimated (hat flood 
crests were mliiecsl from 2.0 feet at Cincinnati 
to 105 feet at ParVcrsliurg by the operation of 
tlicse flood-conlml projects.’® Currently the 
Corps of Dipneers is trying to cope with the 
hazard ol floods ly the tonslrwclion of new 
rescrs'olrs in die heailwaler areas and levees and 
fltnd walls along the dowustrcani scctiutis of 
the Ohio and its prindpul Iribulancs 

IWfiit ami litHMlt. It ItM been oflcn stated 
that a forest cm er in a drainage basin inalcnally 
reduces floods, but forested areas are not free 
from llic iiazard of fliaxl iLimagc. Tliero is cun- 
elusive evidence tliat the eastern tniiiitanes of 
die Mississippi and the lower section of the 
master stream sulTered from great floods iKforc 
the land was settles! and the forest was largely 
rcinovrtl. 

Aih-fjiulf flood protection is ilepcndenf on 
eupnccring slnicliues, but Uic forest cover 
slioufd lie considered os a supplementary pro- 
lective measure. A closely forcstcti area with Us 
alvvorpljve leaf-liitcr delays ninofl somewhat 
and jjves greater seasonal uniformity to the dcs- 
charge of the streams. 

Thfc slight rclarcLition of runofl" may sers'e 
to reduce floods {srovided that the suliserpient 
rains are delayed a sufficient lengdi of time to 
permit Uie lowering of the water table and a 
drying out of the Iiltcr. If the absorptive cajiuclty 
of both rtic litter and iho sod is reduced l>ecaase 
of saturation, heavy recurrent storms will cause 
floods even In forested areas. 

I” Fnn rcirues. U.S. Annjt rngincm 
KenttKk/.MiixU IStixlSI. 1901. 
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TIIE RESPONSIBIU’n' FOR 
FLOOD CONTROL 

Introduction. The control of floods is a re- 
sponsibility that extends beyond the limits of 
the inundated areas. The calamitous floods of 
the Mississippi and other major streams trf the 
United States alwajT arouse widespread public 
interest in the causes of floods and their controL 
To charge the whole cost of protective works 
to the immediate beneficiaries would burden 
them with ta.\es beyond their capacity to pay. 
Conversely, to charge the cost to pe^e who 
in no svay receive any of the benefits directly 
from flood control is to misplace the respon- 
sibility for control. These tsvo conflicting con- 
cepts can be barmonized by expecting the local 
beneficiaries to accept a share of the costs in 
proportion to their capacity to pay and charging 
the remaining costs to the general pubbc by 
means of federal and state taxation. 

Floods have no respect for pohtical jurisdic- 
tions, just as political bound^es show Uttle 
relatian to hydrographic boundaries. Since 
flooded areas seldom coincide precisely with 
political areas the existing minor aMi divisions 
such as townships and counties are unable 
individually to cOpc with the flood problem. 
This inadequacy of the political units as ori- 
^ally delimited has led to the orgaxnzataon of 
levee boards, conservancy districts, water- 
control boards, redamation districts, and other 
legally constituted bodies for the practical solu- 
tion of many water problems including the con- 
trol of floo^ The magnitude of the problem 
of the lower Mississippi transcends the local 
jurisdictions and consequently becomes mvesled 
with a pubhc interest national in scope. 

Indiriduai Re$pon$ib!liiy. The flood prob- 
lem be^ns with the formation of a tiny nvulet 
inthe/armerVifeJii Its coatnsits berth spcrsattal 
and a social responsibility. His personal interest 
IS not confined to the hazard of floods on his 
farm but to the associated loss of soil as the run- 
off gathers into nvulets that converge Into larger 
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and more devastating streams, producing both 
water and soil damage. 

The individual interest may be inimicable to 
the public interest, how’ever, in the matter of 
flood control. The farmer who hastens the down- 
stream movement of water across his farm may 
be contributing to floods in the lower section 
of the river. With an understandmg of his in- 
dividual responsibihly the farmer may by alter- 
ing his farm practice so delay runoff as to 
contnbute to the solution of the flood problem, 
and aH farmers working coDeetively may mate- 
rially reduce flood crests in downstream areas. 

The personal responsibility of many indi- 
viduals enlarges to a regional responsibility 
co-extensive with each important drainage 
basin. If the whole watershed lies within a single 
state the flood-control agency or conservancy 
district may be organized under the laws of the 
state and. if the problem is of suflident moment, 
may deserve the blessing of the state in the form 
of finaocial aid 

Regionnl /ftpeeis of Flood Control. Plan- 
ning for the best use of water resources is essen- 
tially a regional responsibility, the region being 
coincident with the drainage basin of the 
streams concerned This concept of the planning 
region cannot be adhered to rigidly, for the 
transmission of water power in the form of elec- 
tricity and the distribution of water for uri^- 
tion and munidpal purposes extend far beyond 
the limits of the drainage basin, and require a 
modification of the hydrographic region to in- 
clude adjacent areas that constitute the pen- 
pheial sections of an economic region (Fig. 12). 

The problem of flood control however, is 
rather stnctJy confined to the drainage basin 
So long as control measures involve only nvenne 
works, the plan would require the cooperation 
of rivemde communities, but as control is ex 
tended to include preventive measures, the 
«be?e daufmgs basin should be organized into 
a unit Levee boards, conservancy distncts. and 
other water-control organizahons may serve as 
the kgally constituted agencies to deal with 
local stale, and federal authorities. 
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One of die most notahie experiments to 
re^onal planning in the United States Is U>c 
Tennessee Valley Authority authorized in 1933. 
Fiooci control is only one of the objectives of the 
jDullJple-puipose plan for the Tennessee lUver 
basin. The Columbia Klvcr basin with Its several 
water conditioas should have a plan that em- 
braces and iiilegratM all aspects of the water 
problem. In 8 rimilar manner the waters ol the 
Colorado and H>c Missouri nhelher used for 
power, recreation, or irrigation should be made 
to serve as many people as possible. 

The ftri^-Stonn Ptan. President PranVlin D. 
Roosevelt bebeved that re^onal authorities 
were suitable agencies for an attack upon the 
many problem? identified or associated with a 
drainage ba-sln. This was demonstrated tn the 
1930's by the creation of the Tennessee Vall^ 
Authority. lie displayed great interest in the 


early years of World War 11 in a similar aiithor- 
ityforlhe Missouri Valley. Dunng the discussion 
of this proposal two separate reports on the 
development and control of tiie water resources 
were prepared. One report was prepared by 
WiUlam C. Sloan and represented the plan of 
the Dureau of Reclamation. The other was pre- 
pared by Colonel, later General. Lewis A. Picfc 
lor the Corps of Engineers. 

These t'vo reports were published in 1944 
and immediately attracted the attention of the 
Congress and other government agencies as well 
as tlic general pubUc. During the summer of 
1944 the tsvo reports were examined very care- 
fully. certain cfifferences were reconciled, and 
a workable division of authority was agreed to 
1^ the Corps of Engineers and the Bureau of 
Reclamation. This joint plan known as the 
Fk^-fioan plan was submitted to Congress on 
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November 21. 1W4.” The several water prob- 
lems of the Missouri will iavolve a successioa of 
projects requiring many years or decades for 
their development before the river wiD be 
brou^t under control. 

The Missouri River valley has never been 
organized into a regonal authority such as Ibe 
TVA, but the construction of miJtiple-purpose 
dams has gone forward decade after decade. 
Constructed in the 1950’s and 19G0’s or sched- 
uled for completion in the current decade are 
the Oahe, the Big Bend, Fort Peck, Fort Randall. 
Canyon Ferry, Yellowtail, Boj’sen, Fremont 
Canyon, Gendo, Kortes, Fontelle, and others. 
Some of the early dams such as Shoshone ( 1922) 
were built chiefly for power and im'gatioa. but 
in recent )e3rs the several functions of flood- 
control, power, water si^Iy, irrigation, naviga- 
tion, and recreation have been served. 

Floodplain Zoning. One neglected but very 
important aspect of water control Is the author- 
ity of planning commissions and similar agencies 
to regulate the use of land along watercourses. It 
may be trite but very truthful to say that the 
floodplain belongs to the river, and people, indj- 
vidu^y or collectively, who pre-empt the bot- 
tomlands may expect on occasion extenrive flood 
damage. Effective zoning of bottomlands may 
result in dedicating targe areas to use by the 
river in times of flood, (hily the higher and easily 
protected lands should be approved (or resi- 
dential and industrial purposes. 

The flood-hazard zones in the bottomlands 
may be delineated and a series of regulabons 
developed to guiife prospective users of the 
lowlands. MTiere the damage from floods is 
repeated year after year with the nsk of severe 
floods every few years use of the land for struc- 
tures such as homes and factories should be 
prohibited. In a hi^er belt with less danger 
nse may be restricted. And in still hi^er areas 
where the land is to be inundated only in 
the rare once-in-a-lifelime flood the planners, 

iiw aiiCTi c. Hoyt tod Wiltrr B. Lanjbeiii, floodt, 
Princdoo. N.J, 19S5, p.ZSO. 
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developers, and users should be warned about 
the poisibihty of floods. 

Flood Insurance. After every great flood 
there is a clamor for some kind of insurance plan 
which win provide protection from the heavy 
losses Commonly suffered in a flooded area. The 
enonnmis property damage caused by Hurri- 
cane Diane in August 19^ revived interest in 
some land of insurance plan. In a report for 1^2 
the National Association of Insurance Agents 
stated that sound flood insurance policies could 
not be Written. Another report bas^ on a study 
of the 1^5 floods in northeastern United States 
confinned the insurance industry’s long-tune 
position that it is impracticable to write flood 
insurance on a sound economic basts. This tra- 
ditional resistance of die insurance companies 
to writing poLcies is related basically to the fact 
that the premium would have to be excessively 
high to provide adequate reimbunement for the 
heavy damage often sustained by industry, 
transportation, utihties, lestdential p rop erty, 
and a^cultural land. Only the owners of pR^ 
erty that b subject to flood would be interested 
in canyisg flood insurance. In the case of minor 
flood damage, the rbk would be distributed 
sufBcienlly widely to make payments possible 
to the hniited number of clabnants. But in the 
case of a great flood, the damage would be so 
great and the claims so large that a flood insur- 
ance plan would become ineffective and might 
be wiped out completely 

Tbere has been the suggestion that the federal 
govenunent undertake to do what the pnvate 
stock companies feel they cannot do, by author- 
izing tile establishment of a governmental in- 
i’ Fw • duoitaoo of lliis problem me Robert W. Katei uxt 
Cnbmt F. While, 'TIood Hazard Evaluation,'' m Gilbert F 
Wbil^ tdilor, fapert at Flood Aobtnn^ Boearrii F^wr 
No. TO, Departmnt oT Geography. I'niveTsty of diciso. 
miDou. 1961, pp. I3S-147. 

I’ For a divrrsskei tf the Rood auzoaiKO problem see ibe 
task toeca report of the Cominissoa m Organization of Uie 
Eaeontive Brandi of the Covernmeot, VoL CU. Water Re- 
•oaorv* «nrf Poaeer, IVaifamgtiai, DC, pp. 12Sf-f3ff7 See 
aim wmiani C. Hoyt anl Waftrr B. Langbem, flooda. Fnoce- 
1933. pp. 104-113 
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surance coiporatioD to provide protection. 

The flood iiuuiance question was referred 
to Congress, and during the second session of 
the S4tb Congtess in 1 9^, the problem received 
careful consideration. Opinion inevitably was 
divided on how to provide adequate insurance 
coverage for areas subject to recurrent flood 
damage, hlony people ^Ueve that flood insur* 
ance on a sound economic basis is basically 
unaltainahle by private means and, therefore. 
some Jdnd of government aid will be required to 
^ve any flood insurance plan the large reserves 
required to meet the emergency of a great flood. 
■Ihe Stth Congress passed a flood-msuraoce bdl 
which President Eiscnliower signed in the week 
of August U, 1956. Tlie bill put the federal 
government in the business of flood insurance. 
The manmum coverage was set at $250,000 for 
each business and $10,000 on each residence. 
The premium on the Insurance was to be divided 
unequally between the government and the in* 
sure^ 40 perceirt by the government and 60 
percent by the insured. In 1957 the 85th Coiv* 
gress failed to support the flood-insurance meas- 
ure before it 

The Respontibillly of the Stale. Where a 
drainage b^in lies entirely within a sin^e 
state, a conservancy district or flood-control 
board may be authorized by the legislature or 
by a conservation board charged with the re- 
sponsibility of handling the many water prob- 
lems of the state. 

Flood problems that involve two or more 
states may require interstate cooperation in 
order that a flo^-control program may be ex- 
tended to all parts of the drainage basin. The 
cooperation should include not only an inter- 
state agreement but also a uniformity of laws to 
facilitate the work of the organization charged 
with the responsibility of flood control. An inter- 
state compact that provides an acceptaHe dis- 
tribution of costs is diflicult to attain. In addition 
to the economic difiiculties the legal require- 
ment of authorization and rabflcation of inter- 
state compacts by Confess and the le^laturcs 
of the states concerned practically precludes 


their wide use. One of the roost notable inter- 
state agreements « lire Colorado River Compact 
involving the interests of seven states. Flood 
control tvas, however, a miaor consideration ia 
the negotiations of this interstate compact. 

Only those flood-control projects that are 
self-liquidating or in which there h an important 
pubhc interest should be authorized. It may be 
necessary to appropriate what appear to be 
unduly large sums to protect such utilities as 
water-supply plants in order that there be no 
inlerrupbon of the service. For such purposes 
excessive expenditures may be justified, but 
there should be a careful scrutiny of all flood- 
conlrol plans to make certain that the benefits to 
be ^ned equal or exceed the cost of the pro- 
tective works. 

Federal Jtenponsiblliiv. During the early 
history of the United Slates the many functions 
of the federal government did not extend to the 
coRstniction of flood-control projects, partly 
because such works were not considered within 
the jurisdiction of the government. But as recur- 
ring floo<& inundited an increasing acreage of 
valuable farmlands along the lower Mississippi, 
there developed a strong sentiment in favor of 
the federal government assuming a share of the 
finaorial burden. 

Where stale boimdanes transect a watershed, 
(nlerslate cooperation becomes necessary to 
control floods. Federal responsibility begins 
fini with the government's control of legally 
navigable streams where state and national 
cooperatioo is essential to an effective control 
program. The navigation needs and iho flood- 
control requirements should be welded into a 
common program. 

It required many years for the concept of 
national responsibility to develop, but the mag- 
nitude and recurrence of the Mississippi floods 
k^it tile question before the public. After each 
great flood the people of the lower Mississippi 
appealed to Congress for aid. Among many peo- 
ple there was some doubt as to the constitutional 
anthmity for the federal government to under- 
take tile buildmg of levees for the protection of 
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private property. The federal government began 
to participate actively in the program of Bood 
control, ^though the first mcmeys expended 
were primarily for ihe improvement of naviga- 
tion and flood protection was an inddenta) con- 
sideration. Therefore the federal govemmwit 
entered upon a program of flood control under 
the guise of the constitutional authority to pro- 
mote navigation.’^ Wlh the settlement of the 
rich alluvial lands along such nvers as the Xlissis- 
sippi, the Sacramento, and other major streams, 
and the development of our complex system of 
rdlroads, hi^ways, and postal system, the fed- 
eral government became empowered under the 
commerce clause to build flood-oontro) works 
to maintain ^d iaolitate interstate commerce. 
The early doubts on the constitutional authority 
hai’c largely been remosed and the government 
has extended its jurisdiction to indude flood- 
pre%-ention projects in the beadstream areas. 

After the great Mississippi flood of 1927. the 
people of the Uidted States Mere awakened to 
the need for a comprehensive plan of protection 
against the recurrence of su^ a dis^er. The 
liMted partidpation of the federal government 
in the period immediately after the establish- 
ment of the Mississippi Hiver Commissionhas 
been extended. From this limited participation 
responsbility has been expanded to an assump- 
tion of 100 percent of the costs of labor and 
materials in (he construction of levees andother 
protective mtstVs. 

As the question of constitutional authority 
has been settled and as en^eers have come to 
recognize that flood control involves also flood 
prevention, government partidpation has 
moved upstream from flooded areas to the head- 
stream areas. Every great flood on the tower 
Mississippi is related to a flood of major propor- 
tions on tbe Ohio, althou^ a flood on the Ohio 
does not always cause a flood on tbe lower 
•VlisrissippL’* 

The Tennessee ^’alley Authority, by its ^*$1610 

■< Natioii*! B couu g Boud. Fut m. Ktyort of (hr Woirr 
ntmmtg CaamuKre, Waabmrlon. D C, 1334, p. 37S. 

i*3r9nM/if Wtaihfr ttrcirir, SnppfoDrttl 23, I32T, p.7. 
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of reservoirs, controls the flow of the Tennessee 
River. In a similar manner the Musldnguni 
Watershed Conservancy District in Ohio is 
primarily a flood-control project, allbou^ other 
water uses are included in the plan. The Ten- 
nessee \yiey Authority is diieSy a federal proj- 
ect, but the Muskingum Watershed Conserv- 
ancy District was financed by the federal 
government, the State of Ohio, and the District. 

In order to circumvent the extravagant use 
of federal money for flood-control works the 
Water Planning Committee of the National 
Resources Board recommended 
“. . . the policy of requiring appropriate contri- 
butions from locahties benefited as a most 
satisfactory general test whether a particular 
project is meritorious.” 

The Flood Control Act of 1938 and flic amenda- 
tory act of 1935 made possible tbe waiving of 
local contributions as previously required. After 
1938 the federal responabiLty for flood-control 
projects was acknowledged as a govenunent 
obhgatioiL Local participation was not entirely 
abandoned, but more than a century of levee 
construction, channel improvement, and the 
development of multiple-purpose projects re- 
flect a broadening of federal authority in the 
Gonbol of the nation’s water resources.” 

Bmefit-Coit Raiio. It is generally recognized 
that many of the great water conservation prtq- 
ects developed by ihe federal government 
should be self-L'quidating or at least return a 
hi^ proportion of the ori^nal cost. The total 
benefits both recoveraWe and intangible, sbodd 
equal or approximate the cost of the projects- 
This principle has not been, and perhaps cannot 
be, rigidly adhered to because the long-range 
and intangible benefits cannot be exactly deter- 
mined. Many of the large multiple-purpose 
projects permit a partial recovery of the costs 
by aaling appropriate charges for the pcw’rr 
^neruted and for flie water used for irrigation 

irViUonU Resoums Fart rn op. p. tT3. 

•*t3Ibeit FowW Wliito, Bvman AJpulwiilt 

CUcagD. 13(3. pp. 5-24. 
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and for municipal and industrial purposes. The 
revenues derived can be applied toward the 
amortization of the original cost. It is much more 
difficult to determine the Iienefits which should 
be assigned to flood control, improved navigi' 
tion, and recreation. As a consequence, an iim 
porfant share of the costs are home by the 
tatpaycK who may he indirectly the hene- 
fidaries. 

Jnlernotional Conircl of Flood*. Fortu- 
nately, the boundaries of the United States are 
so located that floods of international chancter 
are not be}’ond the con trol of man. A n important 
section of the Canadian boundaiy bes svithin 
the Great Lakes-St. Lawrence system which is 
relatively free from floods. Our conflicts with 
Canada have involved the low-wafer stages of 
the Great Lakes rather than high levels. The 
diversion of water from Lake Michigan for the 
purpose of sewage disposal at Chicago has at 
times of low-water stages on the Great Lakes 
dnwti vigorous protests front Canada. 

AoDther section of the Canadian boundaiy. 
from Lake of the Woods to the Rocky Moun- 
tains, lies across a region of slight rainfall where 
the problem of floods is very local and niinor. 
Also a long section of the boundary from the 
Red River of the North to the Rockies Les very 
near the water parting between the Missouri 
River and the Assiniboine River which joins the 
Red River of the North at Winnipeg. 

The Red River of the North rises wittun the 
United States and flows northward across the 
Canadian boundary to Lake Winnipeg. Spnog 
advancing from the south sometimes opens the 
headstream area while the northern and lower 
course is still blocked by ice. These occasional 
spring floods overspread the flat alluvial plain 
across which the river flows, damaging the adja- 
cent farmlands and a number of smaD urban 
centers. The drought conditions of the period 
between 1930 and 1936 turned the attention of 
people to the problem of water defldency, af- 
thou^ floods, such as the inundations of 18^ 
1897, 1916, and 1950. may recur when the wet 
phase of the climatic cycle returns. In 1912 a 


treaty between the United States and Canada 
created the International Joint Commission 
which selves for the adjudication of the many 
water problems of interest to the two countries, 
and if the problem of floods liccomes critical tlie 
commisston stands ready to facihtate negotia- 
tion and arbitration. 

Along the boundary between the United 
States and Mexico there are two areas requir- 
ing international cooperation for the control 
of floods and the apportioning of the water 
resources. The lower course and the delta of 
tile Colorado were long subject to recurring 
floods, but the construction of the Roosevelt 
reservoir on the Sait River and the Coohdge 
reservoir on the Gila River somewhat reduc^ 
the flood hazard, and the completion of the 
Hoover and Parker-Davls dams has greatly re- 
duced the danger of inundation in the delta. 
The apportionment of water remains as the 
critical unsolved water problem of the Colorado 

More than 800 miles of the Mexico-United 
States boundary lies along the Rio Grande. The 
water of the upper course is derived exclusively 
within the territorial limits of the United States. 
Above Ei Pa.so the control of (he river is essen- 
tially an American problem, although Medco 
Is vitally concerned with the quantity and the 
quality of the water that enters Mexican terri- 
tory. Below ET Faso additions to the Rio Grande 
are drawn chiefly from the Sierra Madre of 
Mexico. Floods in the lower course so far as they 
are the result of increments horn the south can 
be controlled only by the cooperation of the 
Mexican government. The construction of the 
EIe{dianl Butte Dam across the Rio Grande at 
Hot Springs. New Mexico, practically prevents 
the danger of floods in the 125-mile section 
above El Paso. 

The Falcon Reservoir on the Rio Grande was 
completed in 1954 and stores 4,054,000 acre- 
feet ot water. It functions to provide water for 
the generation of power and for irrigation and 
at the same bme pennits the storage of water 
when floods threaten the down-river sections 
of the lowland. 
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The water problems of Mexico and of ihc 
United States are not so susceptible of arbitia- 
lion as the CanadLin-American problems. In the 
dry regions of southwestern United Stales Ifie 
shortage of water has often precipitated disputes 
under the <loctrine of prior right, and an erptl- 
table distribution of the limited water rcso«trt«s 
Is vef>' dj/Ucult to obtain. 


Conservation of Natural Resourcet 
The International Boundary and Water Com- 
niission. United States and Afex/oo, /unctions 
under the jurisdiction of the Department of 
State, and oser a period of more than 25)'ears 
has actively solicit solutions to the numerous 
water problems along the Afexican border.** 
tiofwl. Our A'arion't W«»rr Rrrowrm— folirirt 
snJ Chicago, 18Sa^ p. SI. 
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CHAPTER 16 

Conservation of Mineral Resources 
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estation and protective measmes, . ^ 

restored in q.udity comparable ^ 

foresl, although the association 

be altered. By restrictions on hun^S . y. 
ing and by improving and 
tat, many rame animals and fis es ^ . 

as .bnndrS^ under prinud™ “"f “ 

minends on» mined, 

beneficial me, cannot b.reslored,ft™^^ 

tion may 1«! recovered. They cannot ^ r,^^ 
or acmmulated apin at “X 

the future. The resource has ^ moletely ^ 

use, and the deposit may be completely 
bausted. 


The situation in respect to minerals U not as 
doomy as it may appear from the prevlow state- 
ment. The combustible materials, once they are 
used, are gone forever. But many minerals, par- 
ticulaily the metals, can be used over and ovw 
again , and. as a consequence. metals-to-UM be- 
come a resource vihich can be Upped in time of 
emergency and made to supply important q^- 

tilies of reusable metal. Conservation of th«e 

diminishing resources can be achieved ^ by 
the use of mining and processing m^ods that 
result in the least waste and the maximuin pro- 
tecUon of the iininined portion of the mine^ 
deposits. This may be a means of leaving to fu- 
turTgeneralions their share of the resources 
Witfi improved technology, a low-grade d^osit 
of one generation may become a workable ore 
of the next It becomes the duty of people n<^ 
Uviiig to use the irreplaceable resourCM of the 
earth’s crust so that generations yet unborn wiU 
gel their share of the mineral wealth. 

niE HISTORICAL DOTILOPMENT OF 
MINERAL FRODUCTION 

The progressive development of man and ha 
cultural and technolo^cal attainments are mam- 
fesudons of man's mastery over his physical 
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en\-iroiiinenL As men advanced culhiraDy, their 
rise of materials about them increased. The use 
of metals in weapons and tools by the more ad- 
vanced groups gave them greater mastery over 
the earth and over the other peoples who had 
not made similar advances. But when men were 
able to tap the energy contained in the great fuel 
resources of the earth and to manufacture the 
complex poss-er-diiren machinery, they were 
possessed of a powerful mechanism which could 
be used to bring great wealth and comfort to 
millions of people. The des’clopment and expan- 
sion of the modem mineral-using civihzation 
have made enormous demands upon the earth 
to supply fuels, metals, and nonmetalb'c sub- 
stances in erer-increasing quantities. 

Sfetalt in iVi'iRitire SoeiVriei. Early man, as 
he took on die cultural characteristics whkb 
dstinguished him ftom (he lower animals, used 
whate>'er was at band in the way of tods and 
Impletneots. In time he learned to chip stone, 
shape bone, and woik wood into useful tools or 
ueapOQS. He had htde or no Isouledge of 
met^ in the early stages of his cultural evolu- 
tion. It is beheved that gold was the first metal 
used by man Copper, like gold, occurs in oature 
as a nadve metal and very early became a usefijl 
and prized possesaon of the cultures that were 
making material progress. Cold, because of its 
rarity, its softness, its lidi brilliant color, and its 
untarnishablc quah^, was particularly wefl 
suited for jewelry and as a standard of value. 
Copper was more abundant, and aIthou|h it was 
used for decorative purposes, it had great vahie 
to early man as an implement or tod and as a 
weapon. The value of c opp er to early man 
greatly increased when by accident or intentioo 
tin was aIlo)'ed with it to produce bronze. 
Neither Hn nor copper is particularly hard, but 
when die two metals are combined in an afloy, 
the resulting bronze is hard and strong. \Vhen 
the Homan GoipSe extended its fionders west- 
ward to the shores of Britain, the tin of Cornwall 
was carried hack along wrth copper from soutb- 
em Ibenca to make bronze; the use of bronze 
strengthened the legions of Rome. 
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Primitive man was largely dependent on the 
metals that occurred in nature in the lutivc or 
metallic form. Those that are easily smelted, 
such as tin. were obtained by the application of 
the metallurgical skills that had been developed. 
The ores that were more difficult to smell had to 
wait until man’s knowledge was equal to the 
tasL The great adiievement of early man was 
the soaelting of iron ore. NVhen he was ahle to 
produce metallic iron in quantity, he was on the 
threshold of a great tedmolo^cal revolution. 

Pure or metallic iron occurs in nature in 
smaS quantities, usually in meteorites. In a few 
fdaces in the world, meteoric iron had been 
picked up before rust had destioj'ed ft. ftimitive 
man had acquired some knowledge of metallic 
uon, and Tm»n quantities had been accumu- 
lated. By repeated experimentation iron was 
eventually separated from its ore. It is known 
that the recovery of metallic iron from iron ore 
dates back to the fourteenth centniy B.C, but 
producrion in quantity bad to wait many cen- 
turies. The fuO importance of iron in tlie cultural 
history of man had to wait upon other important 
develofuneots. particukrly the iavesrios of the 
steam en^ne. 

Thf InduitrieJ Hfvolulion and the I'ee of 
.Vineratf. james Watt invented the steam en- 
gine in 1 765, only a few yean before the United 
Stales won its independence. It was the practi- 
cal use of the steam engine that ushered in the 
Industrial Rcvolutioii. The Umted States was 
still in the pioneer stage of its economy- The 
farms stiQ had to be won from the forests and 
the prairies. In En^and die use of steam power 
bad sounded the death kneS of the handicrafts 
and the household industries. 

In the United Slates a^culture continued 
to dominate the economy, but with the mvea- 
bon of the cotton gin in 1793 and the mereased 
use of machmery in the North, the country be- 
gan to take on some of the charactenstia of an 
mdustnal nation. 

The abundant resources of coal made it pos- 
able for the United States to make rapid prog- 
ress in the development of the metaJ-asingm- 
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dustrics. Lnte in ihe ninclccnUi teniury Ihe 
production and tise of cfcctriad power marked 
a DOtaUe achfevwrent in tiie industrtil trans- 
fomjation. By 1900 the great mineral resource! 
of t}]e United States nere being developed to 
satisfy the ever-increasing demands for ma- 
chines, which in tiinj rc<]ulrcd increasing quan- 
tities of fuel to keep them going 

Kapld Itise in ihe L'm< nfMIntrol ftetourre*. 
Between 1900 and 1950 the population of die 
United States doubled. In the same period the 
consumption of agriculturul products (ndiMl- 
ing food Increased two and one-quarter times. 
"By 1950 — in comparison witli the year 1900— 
we were taking from the earth; 

Two and one-half times more Utumlnous 
cool 

Tliree times more copper 
Three and one-haif times more iron ore 
four times moro zinc 
TWenty-si* tiirtes more natural ga.i 
Thirty times more crude oil 
Indeed, there is scarcely a metal or a mineral 
fuel of wliich the quantity used in the United 
States since the mitlireak of the First IVorld IVar 
did not eseved the tola! used throughout the 
world in all centuries preceding." ‘ 

The great increase in the use of mtnerab as 
compared with agricultural and forest products 
is related in part to medunization Not only in 
industry and transportation, but in llie home as 
Well, power-driven machines and appliances 
require ixJth metab and fuels in large quantities 
to maintain our w“ay of life. These are the so- 
caDed fund resoorces, and once they are used 
they are gone forever. Tliis is parUci Jarly true in 
diA case b! M>e sach «s ccal. pcUoleunt,iu*d 

natural gas. By secondary recovery many of llie 
metals, at least fractionally, can be recycled 
back into essential uses. 

Tfip future Demand for Karih Jfnlerfof*. 
To project the curves of production for most of 

* Th« P«rri<l»t'» MiiCTiali Policy CnintniMun, Rf*oor«* 
for rrrtJom, Sol. ti FoumialionM for Cimrih «nd Srrti*«y. 
WluhiniitOR, D.C, IS52, p. S. 
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the itu'nerals to 1075 raises some very tiisturlv 
ing questions. Tt is clear lliat the demands for 
materials draw-n from the cartli will rise iirt- 
evenly. Because of the inadequate reserves 
evaiLible to us Imth from domestic sources and 
from foreign areas, >1 may Ijc necessary to shift 
(be demand to more readily available sultsU- 
tutes. It is expected that the demand and use of 
tin. zinc, and copyicr will rise less than 50 per- - 
cent by 1975. In the same period a 100 percent 
increase In the demand for nickel and petroleum 
and even greater increase for such metals as 
tungsten and aluminum can be expected.^ 

The cliangmg character of the resource base 
results from die depletion of once abundant 
resources, die discovery and development of 
new resources, and the changes in teclinology 
wliich bring into use materials that previoiuly 
had not been nvoilable, at least economically. 
A combination of factors, both physical and 
economic. alTccts Ihe availability of materials 
for economic use in modem society. Tlie physi- 
cal conditions are generally imciianging in char- 
acter. but diongcs in technological and eco- 
nomic conditions may determine wlictiter a 
minera] diqioril can lie worked or left untouched 
(Fig. 1). 

The fiirora/ranl Use of Materlah. Tlie 
American people liave long licen accustomed to 

•IWt.p.9. 



Fig. t Minrrftl drpuuU and mineral reserves. As cn«ts arc 
itAmi amt technolagical advance* male passible (tie mm- 
faig ol leaner nres, Ihe iildmale resma may be veiy large. 
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great abundance of many materials and as a 
consequence have been extravagant with the 
bounty of nature. The per capita »ise of oielals, 
povr'er, £ben. and foods is so hi^ that aany 
other pec^les of the world are poor by compari- 
son. The great abundance has made a hi^ 
standard of living possible for a hi^ proportion 
of the population. For example. Americans arc 
very extravagant in the use of metals in auto- 
mobiles. The size, wei^t, and beauty of our 
automobiles are not a reflection of need but an 
expression of abundant materials, high pmchas- 
ing power, and a desire for an automobile that 
not only has utility but also gives prestige as 
well 

If it became a national necessity because of 
a great emergency, the power and the size of 
passenger automobiles could be reduced. The 
decorative trim viu'cb requires chromium, 
nickel, aluminum, and other strategic metals 
could be eliminated or greatly reduced, thus 
producing great savings. The extravagant use 
of many metals that are recoverable may have 
the effect of creating a valuable reserve of 
reetals-in-use which can be recycled into essen- 
tia] uses in case of emergency. 

Reserres for Posterity. Among the students 
of mineral resources there are some nhobeUeve 
that a proportion of the known reserves of many 
miner^ ^ould be set aside for future genera- 
tions. This assumes that discovery and other 
means of increasing the reserves will not be able 
to keep pace with the rising rate of use. There 
are others who believe that eadi generation 
through the dewlopmenl of science and ted>- 
Dology wiD be able to discover and process the 
ores required. There may be Important minerals 
in short supply, and others may be relatively 
abundant. This condition could be expected to 
exist indeflnitely. An ever-expanding economy 
which seems to be the hope of many people wiO 
require larger and larger qtstntilies ofaistieials. 
It seems dear that the readily accessible ores of 
hi^ value will be depleted or wiH be increas- 
iu^y difficult to mine. But in the earth's crust 
there is a variety of minerals that can be made 


available by the genius of the technologist and 
the resourwfulness of the businessman. This 
is the view of the optimist who believes that the 
future win take care of itself and the present 
generation need be concerned only wdth ib own 
problems of supply. 

Among geologists and mineral conservation- 
ists there are many w ho have a genuine concern 
about the problem of supplying the needs of the 
country with minerals, partfcularly the metals 
required to maintain the high standard of hving 
and our national defenses. The re aliza tion that 
mineral deposits contain a fixed quantity of us- 
able metal or material has prompted some con- 
servationists to accept the viewpoint that a 
reserve of workable ores should be set aside for 
the future. 

The future supplies of nunerals or the volu- 
metric danensions of the reserves are related to 
the price we can afford to pay for the mineral 
materials and the metals we need. A substantial 
increase in the price of ores and in the metals 
extracted therefrom increases the quantity of 
ores available to the economy. At a new hi^ 
price the mining operation can be extended to 
greater depths and leaner ores can be worked 
economically. There is no assurance that every 
advance in price, winch in effect increases the 
reserves of mineral resources, ran be absorbed 
by the metal-using industries. If the latter can 
absorb the mcreased cost of the metallic raw 
materials they use by ^eater efficiencies in 
fabrication, the hi^ level of use of metals in 
OUT economy can be maintained. If the in- 
creased costs must be passed on to the ultimate 
consumer and if the purchasing power wiD net 
permit him to pay for the metal products and 
structures necessary to maintam our high stand- 
ard of Using, the process may be reversed, so 
that a lower price for ore may actually diminidi 
the reserves. 

If aa important mineral ss lo short sttppl)'. die 
nsmg pnee may have the effect of liimting its 
use to absolutely essential purposes Or, an im- 
portant rise w price mi^t have the effect of 
causing a shift to metals of the more abundant 
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n^erals In ihe common rocks. Such metals as 
iron, aluminum, silicon, and magnesium are 
available in unlimited quantities. Under sudi 
conditions it would not be necessary to set aside 
important reserves for the future. Perhaps in 
the more distant futiue, the metals In thecom- 
mon rocks and in sea water and ceramic ma- 
terials can be used in place of such metals as 
tin, lead, zinc, copper, and the ferroalloys whidi 
arc relatively less abundant. 

Protpetitng anti Explomtton. The seardi 
for minerals must continue. The prospector of 
a past age is being replaced by a modem mineial 
explorer who brings to his task a knowledge of 
the basic science of geology including pdeontol- 
ogy, stratigraphy, and petrology. Tlie geologist 
does not work alone but brings to the task of 
finding new deposits other seientists who are 
qualified to utiliw the most sof^sdeated teeb- 
niqun of erploratioa The sciences of geo- 
physics and geocliemlstiy have been enlisted to 
press tho search for mineral resources. 

Exploration transcends its physical aspects 
and becomes involved with the economic and 
legal problems related to the addition of newly 
discovered deposits which, when proved, can 
l>e added to the known reserves. The appbea- 
don of new techniques in mining and processing 
may save an Industry from failure, but the eco- 
nomic gains may be offset by an antiquated sys- 
tem of taxatlon.3 Further exploration requires 
the application of modem techniques and an 
enlightened approach to the economic and legal 
aspects of the mineral ptohlem. 

THE EAIITII MATERIALS 

Composition of the Earth's Crust. The com- 
mon materials and the rarer substances of the 
earth’s crust vary greatly in their relative abun- 
dance and the degree to which they are con- 
centrated in valuable minerals and ores (see 
Table 1), Tlie eight most abundant elements — 
>S«eJohn D. Ridie,"Tte rrobicm of Minetil E«plor»- 
tion,” Kincnil frufu»(r»s», Peniu)Iv«nM SUle lln»vc«ii»jr. 
Cnlverdly Park, Pa., Vol. 32, Novcmfiet 1962, pp. t, 3-7. 
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Element 

M’ei^t Percent 

1 Oxygen 

46,60 

2. Silkon 

27.73 

3. Aluminum 

8.13 

4. Iron 

500 

S. Calcium 

ara 

6. Sodium 

2.8.7 

7. rolauiuiD 

2.57 

6 kiagneslum 

203 

9. Titanium 

0.44 

10. Hydrogen 

0.14 

Total 

O'*!; 


(Siairrc. Bnan, Mason, l>fnrtpla of Cnv/iemfsCry, A'ew Votk, 
19&2.P 4t| 


oxygeo, sdicon, aliunisum, iron, calcium, so- 
dium, pciassium, and magnerium— make up 
98.58 percent of the eartli's crust. AU of the 
other elements make up less than ] Vi percent of 
Ihe earth’s crust. Because of the veiy unequal 
quaabties of the minerals, composed ofcom- 
moQ and rare elements, it is more or less ob- 
vious that over a long period of time the 
commonest and most abundant elements and 
tnmerak will be used increasin^y in a maturing 
indastTial society. In the modem economy, the 
widely used metals, such as copper, lead, zinc, 
and the ferroalloys, are in reality relatively rare, 
and it is only because of their concentration in 
localized deposits that they can be used at all. 
If they were uniformly dispersed within the 
earth’s crust, it would be impossible or at least 
economically unfeasible to process the great 
quaoljbes of material necessaiy to recover ade- 
quate quantities of these metals. 

Hie predous metals, such as gold, silver, 
pUtiiuun, and the rare metals, such as antimony, 
tin. mercury, and tantalum, occur in such small 
quantities that ordinarily their relative abun- 
dance cannot be determined with accuracy. 
’They are relatively rare, and agam it is only be- 
cause of their concentration in localized ore 
bodies that they can be profitably developed 
and used for a number of specialized purposes. 

The ilrlailiferous Orrs. An ore is a mineral 



032 


Conservation of Natural Resources 


deposit that can be mined and processed at a 
profit. A mineral deposit may contain important 
quantities of an essential metal, but unless It is 
economically feasible to work, the deposit raay 
be regarded as rock or at best as a mar^nal or 
submargmal ore. An advance in technology, wi 
increase in price, or both may have the effect 
of making a low-grade ore into a miaerJ re- 
source of great value. It may be that the success 
of a mining operation may be related to the scale 
of operations. If peat quanbties of the ore can 
be mined and processed, the unit cost may be 
so low that the operation shows a profit. Con- 
versely, to reduce the scale of operations mi^t 
make the mining operation uneconomical. 

Aluminum, iron, and the less abundant 
metals, while widely distributed in the earth's 
crust, do occur in important ore bodies which 
have resulted from the operation of long* 
continued geological process. It is clear, there- 
fore, that the modem economy must rest upon 
geolopc processes of the past; in almost every 
case, the geologic processes (hat form ore bodies 
are not rapid eoou^ to meet the needs of an 
industrial society requiring large quantities of 
materials. In effect, at present man Is dravving 
on capital resources accumulated in the past, 
and in the Interests of conservation It is neces- 
sary that he undentand the nature and dimen- 
sions of tlus great reserve and the rate at whidi 
he is using it. 

In many cases the ore-forming processes 
operate at peat depth and the evidences of 
the existence of ore bodies are not revealed at 
the surface. Fortunately, many ore bodies 
formed in the remote geologic past and at peat 
depth have been laid bare or have been revealed 
near the surface by uplift and long-conUoued 
erosion. In the Laurentian Upland of Canada 
and the Upper Lakes section of the United States 
the rich iron ores, believed to be of sedimeDlaiy 
origin, have been domi folded in great linear 
formations and largely covered by a veneer of 
glacial drift. Continued mining and exploration 
have revealed the true dimensions of these nch 
iron deposits. 


It is because of the pros^ct that there remain 
many undiscovered ore deposits, particularly 
in areas that have not been tborou^y explored, 
that many people beheve that new deposits will 
be found when the need arises. When the con- 
servationist expresses the fear that known re- 
sources of some important mineral will be 
exhausted there is the optimist who has an en- 
during faith in the abihty of the prospector and 
the geologist to find new deposits to take the 
place of the depleted ores. 

The Mineral* in the Sea and in the Atjno$- 
phere. Both the sea and the atmosphere contain 
great quantities of certain elements and com- 
pounds that can he recovered and used in con- 
nection with the mineral materials taken from 
the earth s crust. (See Table 2.) 

The sea is known to contain a peat variety 
of dements, but the quantity of each is vety 
small By processing alarge volume of sea water, 
sodium cUoride, magnesium salts, magnesriun, 
potassium, iodine, and bromine are recovered 
commercially. Caldum carbonate and edeium 
sulfate also occur in the sea, but calchim salts 
and the metal, calcium, are usually obtained 
from limestone and gypsum formations m the 
earth’s crust. 

The atmosphere contains such valuable gases 
as nitrogen, oxygen, and the rarer gases of 
hehuni, neon, and argon that are recovered, 
purified, and prepared to serve the needs of 
industry. The great reservoir of nitrogen con- 
stitutes an inexhaustible source of a vital element 
used Iq the manufacture of synthetic ammoma 
aud other rntrogen-containing fertilizers. (Sec 
Table 3 .) 


T*bl« 

^ 2. Compovii 

::oD of the Oee 

an 

Ox>gn, 

Percent 

65 79 

CaJcium 

Percent 

005 

Il>dn7»n} 

1057 


004 

Qilonne 

207 


009 

Sodiuoi 

1.14 


0 008 

Magrteinujti 

0 14 

Carbon 

0002 
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Table 3. Comf»o»l«ion of llic Atnio»pbei 


PcrcenJ 

Nitrogen 7&03 

0:r>gfn 20 fS 

Argon 0 ‘W 

Cartion 

dioride 0 03 


r.p.. 117 . us c...i.i).«i s»"»l 

THE MINERAL SITUATION 

Iron. In Hie period bcween “.p ^ 

the production of iron ore in llic United Stales 
asereced over 100.00(1.000 tons MO^T 
1862 prodncSon «« 

Imports ot iron ore ro 

annually between 195.T and 1957 and t 
03,431,(100 tons in 1962. Ores tram foreign 

souices have bceoine Increasingly competilm 

in the United Slates marhet and domestic pi» 
dueem have turned to the beneedarion ol foe 
Uconite ores to hold on to a major share ol foe 

"'Domestic prodncUon is centered in foe We 
Superior area where Minnesota. Michigan^ 
Wisconsin mine 78 petcent ol foe oi P“ ' 
northeastern states of New York. New J ey. 
and Pennsylvania and foe southeastern states ol 
Alabama and Georgia both produce H IJ'"^ 
and 10 western states, chieiiy Utah and > 

niinc, also produce 11 percent 

In 1950 imported iron ore represented only 5 
percent of Hie ores consumed in foe non 
steel industry. By 1955 foe I»'C'nt^,“ 
ported ores was 28 percent and by 1^ 

32 percent. Imported ore. came chieBy to 
Canada, Veneiela. Clnl.. mid H™”' 
smaller quantities being imported from 
and Pere in the western hemisphere and Irom 
Ulieria (Fig. 2). y 

Beneficiation continues apace. I PP^ 

Ules area, to Wyoming, to rennsjlv^ 

in Missouri taconite and other low gra 

processed by concentration and peUe izi^ 
fore they are shipped to the blast f 



^*0 aeeli area. BatUmere, Maryland. 
ote-canien fransport liun wa ham Veneeuela and «4her 
oreoea. warm »o Sparro^i Paml and other thippins wd 
.B>«I«ne cenlen in the Middle Atlantic area (Curtis Bay 
Ss-^«.rbu.obynan.M.rt.) 

1962 only 15 percent of the ore w-as shipped 
directly to the consuming market in the crude 
form, "whereas 85 percent was treated at some 
Ivoe of benefidating plant before shipment. 

In looVdng forsvard to 1975 the Bt«au of 
Mines estinuted that the need for steel would 
increase about 80 peicent in the 20-year period 
&om 1955 to 1975. nus estimate was later r^ 
duted to 60 percent. Steel making capacity in 
the United States has been built up to a leve 
just under 150.000,000 tons annu^ly. 

readied 117.000,000 tons in 1955 and then 
dropped below 100,000,000 in 1958 and by 

4 17n»«l SUIM Bureau ol Min«. M">mU rrarfcooMMJ. 

vJ. rS rea Mi-ri.. to-*™-' « 

p. 653. 
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permits llie recovery of a very hij^ percentage 
of the originaf ore if the caving is carried out so 
as to avoid the incorporation of the low-grade 
overburden. 

Ilenejiciation. When commercially woilc- 
able ores approach exhaustion, means wdl be 
sought to process profitably the low-grade or 
marginal ores. The richer ores are commonly 
associated svith bw-grade ores which liecausc 
of depth beneath the surface, the inclusion of 
deleterious substances, or for some other reason 
cannot be worked profitably. These low-^de 
or marginal ores may become workable at a 
profit when costs can be reduced or when the 
price of the ore advances suflidently to encour- 
age developroCTit or erploitation. 

The low-grade ores may become usable by 
the devebpment of processing techniques 
which have the effect of enriching the ores or 
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of iiKTeasing the metal content of the ore 
shipped to die smelter. In the l^ke Superior 
U{jand. from wliicli the United Stales has been 
receiving the major share of its iron ore for more 
than a lialf century, the laconite and jasperite 
deposits are now becoming available to the iron 
and steel industry by the process of benefida- 
Hoii. lit the case of the magnetic iron minerals 
in the lacomte deposits, the irtmdjeariog min- 
erals Can be separated from the gangue mate- 
rials by the use of a powerful electromagnet. 
The low’-grade ore after mining must lie crushed 
and pulverized so that the finely divided mag- 
netic minerals can be separated from the re- 
mainder of the material. By this means a rela- 
tively rich iron ore is produced from the 
abundant low-grade ores of the l^e Superior 
area. 

Tliis fine granular material cannot be used 
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direcily b\it iwjuires solidiRcalion Into pellets 
of such si 2 c that they can Itecoinc a part of the 
charge in (he blast furnace, relletfzation b an 
inlegral part of the Ixneficiation process anti is 
necessary for the proper functioning of theMasl 
fiiniace (Fig. 4). 

The jasperilc and oilier nonmagnetic iron 
ores must lie cnrithetl by oilier mecliamcal 
processes. 0y these means the very afmnobnt 
low-grade ores con and vnll replace the le« 
alnindanl higli-grade ores which arc suliject lo 
early ethaastwn. In the case of iron, wJueb Is the 
fouTtli most alnmdant element in the earth's 
c-nusl, benefidation h-ss the effect of iiicressing 
the rclathe abiindoncv of iron ore to meet oiir 
liHliirtfial needs. 

In IfXU, T2.0 million tons out of 4 total of 


116.5 milhon tons of iron ore used by the iron 
and steel Industiy were beneficUled.* 

Wintering. Important tonnages of iron ore 
occur as a soft powdery material which is not 
well suited for charging the blast furnace. The 
fines that result from the benefication process 
also require treatment liefore they are salisfac- 
tory for a good furnace charge. Tlic mix that is 
fed into the sintering mathihef consists of ore 
(approximately TO percent), limestone, dolo- 
mite, mill scale, Rue dust, and cole (Fig. 5). As 
the material mos’cs forw-ard a slieet of Home in 
the sintering furnace plays on the material and 
heats ft to indpient fusion (Fig. 6). Tlie hard, 
resistant sinter os it leaves the machtne is cooled 


•5*er<reret, Apnt I9R<, .No. {Sl.p.3 
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and fixed. The coarser fragments are ready for 
the blast furnace, but the fines are returned to 
the sioterisg machine;. Ey this means, impor- 
tant quantities of powdery iron ore can be used 
in the iron and steel industry. In 1963. 36 per- 
cent of the iron consumed in the United Stales 
was sinter.® 

CONSERVATIO' PROBLE3I5 

Corrosion. Tbe destiucb>e effects of coiro- 
don. chiefly the rushng of iron and steel, are 
difficult to estimate or determine with accuracy. 
It has been estimated that tbe loss because of 
corrosion in the United States is Gse and ahalf 
biSiaa doQ^rr aaoually.^® The Jarg^ lossesr ire 
sustained by the railroads, tbe Navy and tlm 
merchant fleet, automobiles, and metal struc- 

»iKi 

••Siamn WWb. Noicniber 10, 1936. p. 13& 


hires of all lands. Tbe losses ran hanBy be pre- 
scaied, but they may be deU>ed Each )car 
three or more million automobiles are scrapped. 
Their deterioration in usefulness is related in 
part to corrosion. Wbaioer the aierage hfe of 
an automobile, it may be in the best interests rf 
our economic socret)' to scrap tbe cars at soon as 
gemiine obsrdescence sets in and return then 
metals to the steel furnace. 

Corrosion Control. Most metals which base 
been heed from the ores with srhich they were 
associated m nature, unless speciaDy protected, 
lend to conode or combine with other elements 
or sidrstanires. Iron is more readilv susceptible 
to rusting or corrosion than the nonferrrws 
eoeCals, ruci at shnamtan, capper, lead. src. 
bn, and others. AH are subject to cerTosne sc- 
hon if tbe atmosphere is charged with gases or 
other substances that wiD combine with 
uabve or pure metals. Wtbout the use of pro 
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tectivie coverings or alloys to prevent or reduce 
ihe loss by corrosion, the anmia) waste of metals 
would be much greater than it is. Steel struc- 
tures, such as the great suspension bridges, 
exposed as they are to the weather, rpqmre al- 
most continuous repainting and protection to 
Save the metal from corrosion. 

The use of enonnous lengths of tuHng and 
pipes to carry a great variety of gases and liquids 
exposes both the internal and the external sur- 
faces to corrosion unless protected by some kiad 
of covering to prevent or delay the rate of de- 
terioration. The losses sustained by failure of 
metals in use may be many times the value of tlie 
pipe or tubing required as a replacement. The 
failure of a major water hne may mean that an 
important section of a city is without 6re pro- 
tection and industries within the area affected 
may have to shut down for hours. A break or a 
perforation In the tubing in a chemical plant, a 
batUedilp, a petroleum refinery, or a pharma- 
ceutical factory may result in great damage toa 
plant, tut even greater losses may result from 
the shutdown required to make the necessary 
repairs. The failure of metals because of corro- 
sion and the protective measures required to 
protect them against deterioration become a 
heavy charge upon the general economy.** 

iVorectire Coofings on jlfetaii. If a metal 
that is normally subject to rapid corronoa can 
be coated promptly by some substance resistant 
to weathering and dteralion, the life of the 
metal may be greatly extended. Metal structures 
such as bridges and machinery are painted to 
prevent or at least delay the destructive con- 
sequences of corrosion. Most common metals. 
partiaJarly iron and steel, cannot be protected 
against all forms of corrosive action, but regular 
and repeated painting of the surface can give 
many years of useful service to structures whidi 
would deteriorate rapidly if not so protected. 

"'V. H, J. Vnnan, The Cort of Comiwoo end of It* 
rionfrol," fVemrfingi, Drpartmtnt of Econiymic AJfjan, 

.V Srimltfic Cun/nenee on ihe Cottemo/ion <nul L tiI«so- 
of rtnmiRv*. VoL Hi Hinmt Krtovrrrt, Se* Toft. 
*331. p. {IS. 


tlie availability of suitable pigments and 
high-sjuality diying oils such as linseed oil may 
be a factor affeebng the conservation of metals 
by an overlay of paint. As new coating materials 
are produced by the chemical industry, it is ex- 
pected that metals used in particular situations 
may be espedaDy treated and coated to resist 
corrosion. The rubber-base paints, those made 
from synthetic resins, and others containing 
some of the new plastic materials may prove to 
be Bell suited as coatings for sheet metal and 
metal products and structures. 

In addition to the paints, lacquers, and en- 
amels ivhich may be applied by brush or spray, 
metals may be used to coat other metals. Cal- 
vaniziiig w-hich consists of coating a steel prod- 
uct with molten zinc is well known. Every hard- 
ware store carries a line of galvanized products 
consisting of watering cans, pails, wash tubs, 
screening, and many other utensils and prod- 
ucts. The surface of metals subject to conosion 
may be protected by plating with such metals 
as nickeli chromium, tin, and cadmium. 

Certain chemical substances may function 
as rmt inhibitors and may be used in the water 
that comes in contact with the metal tubing 
of boilers or the cooling system of an auto- 
mobOe. One effect of the inhibitor is to reduce 
the oxygen, thus preventing the rusting or oxida- 
Ijon of the iron which, in the presence of water 
and oxygen, tends to rust 

If a coating of pamt or meUl is to be used, it 
is very important that the surface be properly 
prepared or the coating wiU fail to serve its pro- 
tective function. In the case of steel the mill 
scale should be removed so that the coating 
material can be applied to the dean surface of 
the metal. After laige metal plates have been 
pickled in warm sulftiric acid to remove the 
mill scale, they may be dipped in other solutions 
to remove the add and prepare the surface for 
pointing or plating. It is known that the thin 
layer or residue of certain chemical washes 
which adhere to steel are effective in getting a 
good bond between the iindermetal and the 
coating material. 
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Generally, for good nmilfs in plating one 
metal upon another, there should lx* no pinholes 
or breaks in the plating metal. In the prrxessof 
coating a sheet of steel Hath a (tiin film of zinc 
or aluminum, an electrochemical condition 
exists in that the steel becomes the calliodc and 
is co> cred liy a protective film of the salts of zinc 
or aluminum. Even though there may be a break 
or thin area in the covering metal the steel docs 
not rust or corrode easily. 

dffoy*. Corrosion of iron and steel may l>e 
greatly reduced or largely eliminated by com- 
bining small amoiints of alloy metals with the 
metal to be protected. The b«t-knoH-n example 
is the manufacture of stainless steel by comlrfn- 
ing lucLel and chrorraum wlh the molten steel. 
To give stainless steel certsun qualities required 
for particular purpckses. small quantities of other 
metals such as copper, siL'con. titanium, cotum- 
bium, molybdenum, and otlier elements may he 
added. The diuabdity of steel may be increased 
many'fold by the adifition, in the properpropor- 
dons, of these and other alloy metals. 

The addition of aUo)’ing elements to steel 
may improve the resulting specialty steels in 
such a H'ay that great savings are achieved liy 
reducing the amount of steel teqidred for cer- 
tain purposes. If steel is pyea great strength 
and stiffness by the addition of alloying ele- 
ments such as nickel or vanadium, there is a 
large initial saving. There is a further saving of 
fuels where these special steels are used in the 
manufacture of transportation ecpupmenl. The 
development of a great number of speaaJty 
steels for a variety of purposes reduces the quan- 
tity of steel required and at the same time per- 
mits the selection of exactly the right sterf for 
a particular purpose. 

Reeorery of By-fVorfuci*. In order that a 
minend resource may make its fullest contribu- 
tion in satisfying the needs of man, the associ- 
afed minerals should be recovered. To develop a 
mineral deposit for a single metal or product 
may be uneconomical, but the recovery of a 
single by-product may mean the difference be- 
tween failure and success of a mining venture 


The waste or tailmgs may contain smalt quan- 
tities of important minerals, but at one stage in 
the processing it might not lie practical or feasi- 
ble ta recover the metal contained, letter, «ith 
Improved methods of recovery and increased 
price of the metal contained in the waste ma- 
terial. it mij^t I)c economically profitable to re- 
work wliat was formerly regarded as waste. 

Subttituiei. In the event tliat metals are not 
avail^ilc in adequate quantities to meet the 
ruUott’s needs, odier materials may l>e used as 
snlrstitutes to a limited extent. It is not to t« ex- 
pected that all metals can he repbeed. tfhen 
there b not enough steel to meet all needs, 
wood and stone can be used for certain struc- 
tural purposes. If and when the several ferro- 
alloys are not avaibble in tlic usual quantities 
and at fair prices, specialty steels may be made 
by using the alloys that are in go^ supply. 
During World War 11 it became necessary to 
reduce the number of specialty steels and con- 
eentrate on the production of a few standardlred 
types. 

In the United States mofy bdenum b relatively 
atwndant. for nearly two-thirds of the viwld'* 
supply b produced In ihb country. A major 
sh^ of the world's tuckcl b produced in Can- 
asla. and «e can assume that in a national emer- 
gency rackel produced by a friendly neighbor 
would be more readily obtainable than man- 
ganese. tungsten, and chromium which must 
come from more dbtant sources. Within certain 
technical limits the use of the ferroalloj-s may 

be adjusted in temu of their relative abundance. 

This may be in effect a substitution of one metal 
for another m lesser abimdance. 

MTien copper is not avaibble in adequate 
quaohlies to meet the needs of industry, cer- 
tain uses may be curtailed in order that th« 
supply avaibble may be adequate to inwt 
urgent needs. Silver has been used in buss bars 
to free copper for more essential needs. In 1^ 
the (me-cent piece was coined out of zinc-coated 
discs of steel. Copper for siding and roofing W3S 
repbeed by cheaper materials which 
rebtivcly more abundant Bv these and other 
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means, Ihe available supply of copper could be 
and was allocated to meet the critical needs of 
the wartime economy. 

The ubiquitous tin can did not disappear 
pletely from the grocer's shelves, but many 
changes or substitutes were necessary because 
of the critical shortage of tin in the United 
States. By research and improvcmenls in tin- 
plating, the amount of tin used per can was 
decreased sli^tly. Many foods, cosmetics, and 
other materials were put up in glass containers, 
thus freeing great quantities of tin for more 
essential purposes. Lacquered cans were used 
where the contents did not require tin for pro- 
tection from deterioration. 

In order that substitutions may be made with 
little disturbance in the metal-using industries, 
research and technological developments should 
be carried out in advance of need so the new 
alloys or new materials can be quickly substi- 
tuted for the scarce metal. If the oation waits 
unhl an emergency erists, it may be too late to 
be able to carry out easily and quickly a program 
of replacement and readjustment. 

Shiytfn^ from Scarce lo yibundanl Mole- 
rials. A change In the relative abundance of a 
mineral or metal, providing the price differential 
does not interfere with the change, is the essen- 
tial Brst step In shifting use from a scarce lo a 
relatively abundant material. For example, alu- 
minum is a satisfactory replacement for copper 
in the electrical field, audit can be expected that 
the rebtive importance of these tivo metals in 
the electrical industry will result in the increased 
use of aluminum. It is also evident that plastic 
materials made out of air, water, and other 
abundant substances can be substituted lor 
metah, thus djmJnishing the damand for cc^^er, 
lead, zinc, and other metals which are in diort 
supply. 

/{ecyefing of 3ferals in Ihe Economy. It is 
fortunate indc^ that many metals and other 
materials can be recovered and reused, l/nldce 
the fuel minerals the metals can be used over 
and over again. In the case of the preciois 
metals, such as gold, silver, and platinum, to- 


day's supply includes metal which was first 
mined and refined decades if not centuries ago. 
The wedding circlet worn by the modem bride 
may at one time have been a part of iheoere- 
mooial jewelry of an ancient princess or the loot 
of priates. It is important in the conservation of 
many metals that the supply available for cur- 
rent use condsts of lx>th virgin metal produced 
from ores freshly mined and of secondary or 
scrap metal being prepared for new uses. 

The nonferrous metals, such as copper, lead, 
zinc, aluminum, tin, and others which resist 
corrorion or deterioration m use, may be re- 
covered and used again and again. Whenever a 
small amount of these metals is widely dispersed 
in connection with its use. it may be quite un- 
economical to recover it, except in a national 
emergency. During World IVar II lin-can- 
coDecting stations were set up to facilitate the 
accumulation of tin cans which were sent to the 
de-timung plants. In the scrap-metal or junk 
business, machinery and other heavy scrap may 
be broken up, and the nonferrous metals re- 
covered through a process of sorting or refining 

Great quantities of metals are lost each year 
because the form in which they are used makes 
recovery impossible. The pigments used in paint 
in the form of lead, zinc, and titanium oxides are 
so thinly spread on painted surfaces that they 
are lost forever. Other uses may permit reuse 
after varying intervals of time. The owner of an 
automobile generally exchanges his old battery 
for a new one, and the dealer returns the old 
battery to the manufacturer who recovers the 
lead and uses it in the manufacture of new 
battenes. 

Hie metal that is recoverable in the great 
est qnaoltliss is i/vn ccimmonly used m the form 
of steel. The iron and steel industry is an irapor- 
tanl producer of scrap. Wherever steel is a 
major raw material in the manufacture of ma- 
ebinery, new scrap becomes available for re- 
cycling back into the manufacture of steel. In 
deiudy populated areas particularly where 
heavy industry is concentrated, the amount of 
used scrap available is very large. 
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During Worlt! War 11, the jiinl clcolers of 
America were called upon to speed »ip the 
collection and debvery of scrap to tlie sted- 
maVers. In remote and thinly populated arras 
die derelict auto, the aliandoned moiling ma* 
chine, and a section of oil pijw may never 
recovered and rcuscrl liecauscit buneconomical 
to collect such isolated quantities of scrap. 

The destruction of miLtary equipment in 
wartime ronstitutcs an enormous loss of vaht- 
able resources. On the liattlcHelds and In 
materiel depots where Iwmlnng and nutitary 
action conserted weapons and vehicles Into 
scrap, there can Iw and usually is some reeovecy 
of this spent material. However, the enormous 
tonnage of steel and oUier metals In ships sunk 
at sea is largely lost forever. The merclanl ship 
and naval emft lost {n Mbrld War H constitute 
not only a loss of Uie metals from the original 
supply, but for every ton of steel wliich was sunk 
in the open sea lie}tmcl (he possibility of salvage, 
there vvas also a loss of manpower and other 
materials used in the production of tlie steel in 
the first place. The secondary recovery of steel 
and other metals for reuse in industry represents 
more than a saving of metals. There are also 
the recovery or the saliege of the power, the 
bbor, and the capital used in the smelnogof the 
ore and in the manufacture of steel and the cither 
metal products. 

Some Leuons from World tfhr If. Over a 
long period of time the rebtively abundant 
mineral resources of the United States had been 
conducive to an attitude of compbceocy Dur- 
ing World War I and during the 1920's, a (united 
number of shortages served as a warning to 
conservation-conscious Americans wiio realized 
the increasal use of metals would eventuaSy 
mean depletion of some relatively nch but small 
deposits. 

The number of strategic minerals in short 
Supply before World War n was about ten, or 
a ibzen at the most But dunng the war the 
number increaseduntil more than sixty different 
minerals were imported from more than fifty 
different countries to satisfy the insatiable war 


HMcbine. Of the tw cniy most essential mincrali 
in the wartime economy, cifdit w-ere imported 
entirely from foreign sources. For another half 
dozen. 85 to 100 percent of tJie nation's needs 
had to lie import^, A continuing high level of 
iittlnstrid activity and a defense program based 
on the use of bige quantities of minerals make 
clear that shortages of vital mineral resmines in 
continental United States arc real and not 
Imagined.** 

Siockjiilinf:. Late in the 1930’s it became 
evident that the United States should have been 
stockpiling a Urge number of nonperishaUe 
but essential materials during the depression 
years vvhen prices were low. fn 1939 when 
Pufilic Law 117, the Strategic Materials Act, 
w.-as passed by the 76th Congress, prices had 
risen and many materials had become scarce. 
Wien the United States became involved In 
World War II. the nation was soon confronted 
wath shortages among the metals and other 
stratej^c materuls. 

After the war was over new legislation in the 
form of the Strategic and Critical .Material* 
Stockpiling Act was enacted in 1W8. At the 
outset funds were inadequate to finance a conv 
prehensive program of stockqnling. Further- 
more. the international situation did not surged 
urgency in the stockpiling program. However, 
the outbreak of hostdities in K'orsa in 1 950 made 
it dear that supphes of a large number of stra- 
tegic materials should be built up quickly. But it 
was impossible to meet the needs of the civilian 
economy, of the defense industries, and the 
stockpiling pro^am all ui the space of a few 
years after 1950. 

Under the authonty of Pubhc Law 520 of the 
79th Congress entitled ‘The Strategic and 
Cntical Material Slock Piling .Act,” approved 
on July 23, 1956 the national stockpile acquired 
rnvieoftmes accumulated under previous autbor- 
uabons and vvas extended to include materials 

>* \I»a Vt Balman, •'Oui Future Drpendmcc on FotS® 
klmcnli.'' Tht AnnaU, Vti. ZSl. 1952, pp. 25-52. 
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deemed necessary to the national defense.** 
Public Law -ISO of the 83Jt! Congress entitled 
“Agricultural Trade Development and Assis> 
tance Act of 1954,” approved on July JO, 1951, 
authorized “the barter of surplus agricultural 
commodities produced in the United States for 
strategic and critical materials produced 
abroad.” A supplemental stockpile was an- 
thonzed and material acquired under the 
“Agricultural Actol 1954" and Public Law 753 
of the 84th Congress entitled, "Domestic Tung- 
sten, Asbestos, Fluorspar, and Columlnum- 
Tantalum Production and Purchase Act of 
1956.’“ The establisliment of stockpiling policies 
and goals was chiefly the responsibility of the 
Office of Emergency Planning and its prede- 
cessor agencies. The General Services Admin- 
istration was assigned the duty of implementing 
the policies of OEP. 

On January 31, 1963, President Kennedy 
announced that the stockpile program would 
be reviewed and that the cloak of secrecy would 
be removed. Accordingly the infonnation on 
stockpiling was dcclassiiiedand Senator Syming- 
ton and his subcommittee of the Committee on 
Armed Services, United States Senate, began 
an extended study of the stockpiling program. 
Tills report lists fifty-four categories of materials 
and ores, in the national stockpile on Mardt 31. 
1063, and that these materials cost the United 
States $8,096,850,000. They were valued at 
$7,150.9-40,000.*s The committee recom- 
mended among other tilings that the objectives 
and goals of the stockpiling program to be re- 
examined and that Congress authorize the 
orderly disposal of surplus materiab. 

’’ For • brief rtrirw of the slockpiling opentions, pub, 
ju)d problems rrtated to luthorinition, icijtiiatioa, nembon 
of conhocU, sixl disposak of surpliu materia see the fn^fy 
inin Ihe Strategic and Criticai Afoleriofs Stoc^pflee the 
tViifetf Staiert, Draft Report of the National StoeWpSe and 
Naval Petroleum Reserses Subcommittee of the Committee 
Ofl Armed Services (Senator Stuart Symington. Chairman), 
t'liiled Slalei Senate, on the Nabonal Stockpile, Government 
Printing Office. Wellington. D C., 1963, ISQ pages. 

t‘/W<i,p.lI. 

>tIM.£,pp. 123-123. 
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STOCSWLtNC PROht DOMESTIC SOURCES. If the 
capacity to produce minerals and mineral 
products from domestic sources cannot be 
espanded quickly to meet urgent defense needs, 
stockpdes should lie biult up to such levels as 
deemed necessary to meet the emergency. Con- 
ceivably productive capacity might be damaged 
or destroyed by sabotage or more direct enemy 
action. Under such circumstances large stock- 
piles of ores and other mineral products above 
ground would t<e an element of strength in 
conversion to a war economy when manpower 
and materials generally become scarce. A stock- 
pile of ores and metals built up by the employ- 
ment of domestic skills and local resources 
would have the effect of maintaining an c^er- 
ating facility which would be expanded quickly 
to meet a national emergency. 

STOCKPiUNC FROM FOREIGN SOURCES 5uil(]- 
iog up the stockpile of strategic materials, par- 
U^arly the metals, is absolutely essential in 
the case of those malenals that are not available 
in economically accessible reserves. Certain of 
the fenoalloys such os manganese, chromium, 
tungsten, and nickel and the nonferrous metals 
such as tin. mercury, aluminum, and copper 
shotild be purchased abroad and added to the 
government-owned stockpile. A more or less 
continuing poLcy of purchasing supplies regu- 
larly would have the effect of maintaining con- 
tinued production abroad. If the importation of 
minerab (or the stockpile were reduced or 
abandoned, the economic consequences might 
be very great. For example, for a copper mining 
and smelting operation in an area where there 
is no alternate employment, a shutdown would 
cause ^eat hardship through the loss of wages 
and purchasing power of a large number of 
people. The need of the United States for metals 
and other strategic materials that must be im- 
ported from foreign sources should not lead first 
to overdevelopment of a mioeral resource and 
then abandonment of the operation. For the 
greatest security, based on continued accessi- 
bility to mineral resources beyond our national 
frontkis, the minmg and processmg operations 
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must be maintained, and the routes of commerce 
kept open if at all possible. 

STocspiUNC DiFTicvLTiEs. In addib'oQ to 
the major objective of establishing an adequate 
stoclcpfle of the essential strategic materials, it 
is also important that stockpiling a^es e other 
purposes as well. When federal funds are pro- 
sided for the purchase of strategic materrals. 
It is impoitant that the funds be allocated and 
pxpended in a very businesslike manner. Prior- 
ities should be established so that the scarce and 
inaccessible materials can be promptly bwll up, 
deferring until some later lime the stockpiUng 
of materials that are less urgently neede<L Ap- 
propriated funds set aside for iie stockj^ng 
program should be used in a manner that will 
assure the taxpayer that his government is 
making good use of his money and achieving 
the aims of the program. 

Purchases for the stockpile should be carried 
out in sudi a manner that the gcveminent does 
not compete with private industry for the same 
Toateiials at the same time. This would have as 
one consequence an increase in pnee wfaidt in 
turn would liinit the quantity of material the 
availaUe funds would purchase. 

SToCKPiUVC or LafiOR ANm POUXR. When- 
ever strategic materials sudi as copper, alumi- 
num. tin, and other metals are stockpJed, the 
labor, the pouer, and transportation used in 
their production are also stoc^iled. For exam- 
ple, nearly 40 percent of the pnee of metaDic 
aluminum represents the cost of the electrical 
ener^ required to separate the metal frron the 
ore. To the extent that the electrical energy was 
produced from falling wafer, the stockj^luig of 
aluminum is a means of stockpling water power 
wlucb otherwise cni^l have gone to mastev 
When the stored materials are released from the 
stockpile, the other constituents are also 
released. 

RESssfES fs TTeE otacMT. la the case at pe- 
troleum, copper, lead, and several other min eral 
resources, it is important that large proved 
reserves are know-n with some exactness, tts- 


covety of new resources or reserves diould be 
weD ahead of use so that the reserves will be 
large enough to permit the rapid expansion 
of production to meet an emergency. It is not 
enou^ to have adequate reserves in the ground. 
It is also essential that stand-by facilities for 
expanding mining and smelting be in readiness 
so that production of strategic metals can be 
increased promptly to meet the industrial and 
military needs after the stockpiles have absorbed 
the first shock of an enemy attack. 

DANCER IN xTOcxpiUNC. The Stockpiling pro- 
gram of the federal government may have some 
inherent weaknesses which mi^t be regarded 
as dangers to the national economy. The goals 
must be determined a few to several years in 
advance of achieveroeoL To be genuinely effec- 
tive the stockpiling program should be contia- 
uaDy re'Crainined to make sure lhat the 
ol^^ves are realistic in relation to the militaiy 
and cxvtlian needs of the nation. 

The industries that require large quantities 
of strategic raw materials to carry on their manu- 
factuiing activities should be encouraged to 
tiuild up and mamtain substantial inventories 
so that it wiU not be necessary for them to draw 
upon the natiODal stockpile. The inventories of 
the manufacturing companies and the stockpile 
of the federal government should jointly be 
adequate to meet a nabonal emergency extend- 
ing over a period of years. 

There b also the danger that the stockpile 
may be conducive to the development of an 
attitude of complacency.*® Jt is important that 
stoclqnlmg be considered as only one of the 
means of meeting the material needs of the 
country in case of a national emergency Ex- 
(doration for neiv supplies of minerals must go 
oiu the search for substitutes must not be 
ralaxed, and fethnolo^cal advances must t* 
sought at every opportunity. Stockpiling must 
be recogRized as aaly one of (he ways at pfe- 
paiiDg for an emergency. 

**'n>e Fmxlent'i Mxtmals P<Jii:y Commiaioo. 
fot Fut iiu m, VoL I, p. 163. 
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NATIONAL rOUaES AND 
INTERNATIO.NAL CONSIDERATJONS 

77iP fVt*»/>ecl for Future Diieorery. In tbe 
portions o( the world strch as northwestern 
Europe, die United States, and limited areas 
elsesshere, gcolo^cal knowledge is reasonaUy 
complete. In tltese areas it is highly improbable 
new deposits of great value will be discovered. 
Further exploration, especially at great depth, 
may have llie effect of increasing the known 
reserves and give the people and the nation a 
greater sense of security. Tlie deposits that are 
known at great depth may not be reacLIy acces- 
sible because of both engineering and economic 
limitations. 

71)0 greatest hope lor new discoveries lies in 
the exploration of areas that have not been care- 
fulfy examined geologicatiy. These lesser known 
areas lie in Asia, Africa, South America, Aus- 
tralu, Antarctica, and limited sections in Eu- 
rope and North rVmerica. Unless new and 
important discoveries are made in the United 
States or in areas easily accessible by trade, it is 
clear (hat the nation will become iiicrcasnj^y 
dcjKiident on imported mineral products. 

Remoriiig ifie Darrierr M fnli’marionaf 
Tratle. Tariffs and otlier deitces have been wed 
in the past to protect American Industry from 
competition from abroad generally where Libor 
crisis arc rekitively low as compared with the 
wage scale in the United Slates. Tlie advantages 
gained by tlie use of the protective tariff on 
minerals such as mica, mercury, graphite, man- 
ganese, tungsten, bauxite, and copper were 
matched by disadvantages of lii^ier costs to the 
consumer which delayed or interfered with the 
development of the resoiuces in foreign source 
areas. Ttie losvrring of a tariff or its ahanikw 
ment nllogetlier miglit not lower prices imme- 
dialely especially in those situations where the 
tlomesiic prodiielinn is finall and where prodiic- 
lioti abroad is under the control of a monoptJy 


or international cartel. But in the long run (here 
should be an effort to reduce tariffs or abandon 
(hem entirely. 

TABirrs vcBsus scciunr. Tlie tariff has been 
used to protect a domestic industry wliich as a 
going concern could give the nation a degree 
of self-stifBdeiicy in case of a national emer- 
gency. But the argument in favor of a protective 
tariff for security can Iw challenged. There are 
other means of achieving national security, such 
as stockpiling and tong-term contracts with 
domestic and accessible foreign producers of 
strategic minerals. The tariff on each mineral 
or metal product should be reviewed period- 
ically to detennine if the national interest mi^t 
be letter served by he reduction or elimination 
of the import diiHcs. 

EXPORT QUOTAS «rt> CONTROLS. By tlie vise 
of emba^os, rcstrirbons, and ijuotas the free 
movement of materials in international trade 
can be controlled. The government in an emer- 
gency or in anticipation of an unfavorable 
situation may. by decree, pul export controls 
into effect. NVhen pnees m (he metal market 
tend to sUmiilale the outflow of essential metals 
to the extent that the suppLes on hand are too 
low to meet domestic needs, it may be necessary 
(hat export controls lie used in order to maintain 
adequate inventories to meet all domestic 
requirements. 

Export controls may lie used to restrict the 
movement of selected commodities to particular 
destinations. This is well illustrated by the ban 
on the shipment of strategic materials to com- 
munist countries. Cenerdly there u strong 
public and olhdal opinion against the shipment 
of metals, machine tools, and other materials 
that would add to the economic and military 
strength of the communist-bloc countries. 

The Concept of Custoiiinnifiip. Minerals 
are sieiy trregularly distributed in the earth’s 
crust and over the surface of the earth. Tlie 
natum) dwision of the eartli Into great continen- 
tal land masses lias resulted in dividing the 
mineral wealth unequally among the continents. 
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The further divisiotj of Ihe continents among 
the mitions has resulted in great inequality 
among the countries in material wealth. 

Any nahon that contains within its frontiers 
a hi^ percentage of a mineral resource diat is 
widely needed over Uie world should be under 
some compulsion to share this bounty of nature 
With other peoples. A spirit of custodianship 
should be promoted that would encourage de- 
velopment and exportation of nunerals essentia] 
to the world economy. Strategic minerals such 
as nickel, mercury, molybdenum, and man- 
ganese may be in high demand when the nations 
are experiencing industrial expansion or build- 
ing up their national defenses. To the extent 
that these and other strategic minerals be 
used for cjiciying on war they may be denied 
to an aggressor and made available to nations 
defending their independence. Under wartime 
conditions the concept of custodianship can be 
modiBed to serve the ends of peace. 

Foreign Tmde^A Keretsily. At tbe close 
of ^^’o^ld War U b became clear that the United 
States svas no longer self-sufSctent in certain 
minerab. For many years some of these had been 
produced in excess of domestic requirements 
and limited quantities were av^lable for export 
as native metals or in the form of products made 
from these metals. The change over from a 
surplus-producing country to an importer oc- 
curred at different dates depending upon tlie 
metal. By the middle 1930’s the United Slates 
became a net importer of zinc and copper. It 
was near the end of World War U that imports 
of petroleum exceeded exports. It also became 
clear that increasiiig quantities of iron ore would 
have to be imported to satisfy the needs of 
American industry. 

The importation of strategically important 
minerals may have other beneficial conse- 
quences besides supplying the nation with an 
essential resource. The money necessary to pur- 
chase the imports would become available in 
the country supplying the mineral for the further 
development of their resources and for the rais- 
ing of the standard of hsing of the people. They 
would be able to make purchases of other mate- 
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rials produced in their own country and in other 
countries. 

In those countries where the standard of liv- 
ing fa relatively low and where their industry 
fa in die extractive stage of development, there 
is a great need for capital, technological help, 
and managerial skiBs. Tbe United States fjecause 
of its great wealth and technical knowledge is 
in a position to provide the capital and skills to 
develr^ tbe resources of certain underdeveloped 
areas of the world. In return we might secure 
minerals essential to our national well-being. 
Trade in minerals becomes a virtual necessity, 
lor r» nation no matter how large or richly 
endowed can be entirely self-sufficient in 
essential minerals. 

Trade Houtes and the Aeceuihilit)' of 
JIfineraf Rerourcet. Strategic minerals which 
must be imported from dbtant sources make it 
necessary t!^t the routes of commerce be kept 
open and in case of emergency strongly pro* 
tected. The United Stales because of its enor- 
mous demand for a great variety of minerals 
which cannot be produced in adequate quanti- 
ties from domestic resources must maintain a 
more or less continuous fiow of minerals or 
metals to the American market. Thb b well 
illustrated by tin, the production of which from 
domestic resources is pracficalJy nil. This metal 
or its ores, in order to meet the needs of the 
country, must be imported from BoKvia or from 
the more distant, producing areas in the Malay 
Peninsula and the nearby islands in Indonesia. 
Minerab that are available in foreign areas 
which lie adjacent to the United States or in 
areas which are readily accessible may be uti- 
lized to meet the industrial and defense needs 
of the nation. Relatively short trade routes w hich 
lie within areas that fan be defended or pro- 
tected against enemy acbon are more depend- 
able than the long trade routes that reach out to 
the more distant sources of strategic minerals. 
Over the longer trade routes it may be necessary 
to move essential minerab and other materials 
in ctmvoys which neces-sanly move only as fast 
as the slowest ship and require many t>pesof 
naval craft to provide adequate protection 
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CHAPTER 17 
The Mineral Fuels 


The Riinersl fue!$ }uve been the cstsf^^ts that 
have motivated modem world industrialization. 
The United States, without Its rich heritage in 
mineral fuels, could not be one of tbe leading 
nations today, nor could the citizens of our 
country have attained the highest standard of 
living in the world. Ilie econooiic and military 
strength of our nation depends increasing/ on 
the capacity to exploit these resources. 

To meet the energy needs of the United States 
two broad groups of potential sources may be 
utilized. Tlie fost are continuous sources, such 
as solar, water, wind or tidal energy, and S'epv 
tation. At present, these furnish less tlun one- 
seventh of our energy requirements, pnmariJy 
in the form of water power and segetatioa 

Tlie second group includes the irreplaceable 
energy sources, such as the fossil foefs and 
atomic energy. Of the irreplaceable cnei©’ 
sources, petroleum, coal, and natural gas ctir- 
rviilly furnish six-sevenths of our total require- 
ments. Atomic enc^ devclopmenls are stiH in 
the initial stages, but l«sic indastrial research 
promises a wide utilization of tlus eneigy to 
suppJemcfit the trsditionol fuels nilhin a «h- 
lively few years. 

At present the mineral fuel pnxluction rep- 


resents more than two- thirds of otir total value 
of minerals produced in the United States. The 
nation in 1^2 produced nearly 15 percent of 
the world's coal. 30 percent of the petroleum, 
about 70 percent of Uie natural gas marketed, 
and had approximately 40 percent of the electric 
eneigy production. 

The mineral fuel reserves are exceedingly 
unequally proportioned. A comparison on a uni- 
form Dritish thermal uiut basis of reserves of 
coal and other fuels shows that coal constitutes 
68 percent of the total estimated recoverable 
fuel reserves, and that petroleum and natural 
gas combined constitute aliout 16 percent. The 
remaining 16 percent is oil from o3 shale which 
is not presently utilized Information is not 
available on the national reserves of Bssionable 
tnater£i&— unoi'um and thorium. 

Itelatire Impariane^ of Energy Renturee* 
1800-1962, During the early da)’s of our coun- 
try, water and wind power, wood, and work 
animals provided the principal sources of power. 
However, between 1800 and 1870 there was a 
gradual shift from the predominance of nonfiicl 
energy sources to mineral ener^ sources. About 
18.10 cool began to lie increasingly important ns 
a source of energy and reached its relative peak 
351 



352 


Com^'Btibn of Natural Resources 


of importance in 1S99 when bituminous and 
anthracite accounted for 69.1 percent of tlie 
total energy contributed by both mineral fuds 
and w^ter power in the United States. Id that 
>ear oil and gas accounted for only 7,1 percent 
of the total (Fig. 1). 

The refative importance of coal as a source 
of energy has been declining since the eariy 
1900’s. In 1918, the peak production year of 
^\■orld ^\'ar 1, coal supplied 82 percent of the 
energy resources, whereas petroleum and natu- 
ral gas supplied 13.4 percent. The relative value 
of coal as a source of energy decreased rapidly 
aher 19IS to 63 percent of the total in 1929 and 
to 26.1 percent in 1962. OJ and natural gas 
have largely replaced coal in domestic con- 
sumption and on the railroads. Since 1935 
e^ntially all new locomotives have been 
powered with diesel en^nes. 


With the coming of motor transportation, 
petroleum's share of the energy produced in- 
cieased from 4 6 percent in 1899 to a peak of 
3.S0 percent in 19S4. Since then the relative 
position of petroleum has declined slightly to 
33.3 percent of the total energy consumed in 
1962 primarily as a rKult of the rapid rise in the 
consumption of natural gas. Natural gas has 
followed the same general trend as petroleum, 
increasing from 3.3 percent of the total in 1699 
to 13.7 percent in 1945 and to 342, percent in 
1962. The produetionof waterpowwhasrfosely 
followed the total consumption of energ>', in- 
creasing many times, but main tainin g about 
the same relative position. 

Trend* tn Energy Coniumplion. 'The con- 
sumption of energy in the United States has 
been continuously upward. It has risen from 
2334 tsdbonEtu’&in IB50 to 22,975 trilUouBtus 
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FT|K> S Caeri^ production in the United Statci, l$T0*19d2. (Date from Bureau of MineaJ 


in 1922, to a peak of 47,882 trillion Btu’s In 
1962 (Fig. 2).^ In recent years consumptroo has 
been riiungal therateof more than 1500 trillion 
Btu’s anmially. In the past ccDliuy fud wood 
was replaced by coal as the dominant source of 
energy, and in turn coal has been replaced by 
petroietun and natural gas. To maintain the 
present rale of increase in the future it is likely 
that another fuel roust be found to rcplac* 
petroleum and natural gas. At the present lime 
the most promLiing future source of energy will 
be nuclear energ)-. 

COAL TtESOURCF.S 

Imporla/Hv of the Coni Inda M/y. Coal was 
the «onder fuel of the nineteenth century and 

^ Btu, DrJtvJ7 thcmul unit, U the rpjentity of br*l roqtilml 
lo rsb* the (erapmlure of ooe pound of water one degree 
ratirenheit at or near hs point of maalRiuQ denn't)’. 


is sUU of major importance m providing the com- 
forts and necessities of life. It has been a vital 
factor in the growth of modern world power. 
The United States can attribute her rise lo world 
leadership largely to this dynamic power re- 
source. 

Although the coal industry has been afected 
by competition from competing fuels, coal re- 
mains the major fuel for heat and process steam 
in thousands of industrial plants. The annual 
value of bitriminous coal has been nearly 
52 , 000 , 000,000 in recent years. The coal in- 
dustry is the largest bulk-handling industry in 
the United States. About 2(X),000,000 tons of 
coal were transported by the railroaiL in 1962, 
and an additiORa! 75.000,000 tons were shipped 
to market on nver barges. 

Coal is a major supporter of economic life in 
many regions and of great importance in others. 
In West Virginia the number of coal miners w 
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nearly double that employed in the chemical 
arvd allied products industries, and the coal in- 
dustry of Pennsylvania employs tsvice the num- 
ber in the metalworking machineiy indusl^. 

Origin and Nature of Coals, Coal is a com- 
bustible earth materia! composed of fixed car- 
bon, volatiJe matter, moisture, and ash ori^nat- 
ing from the alteration of plant life.2 In eveiy 
geologic age since the Pre-Cambrian period, 
great swamps have existed in which layer upon 
layer of vegetation accumulated to form peat 
b^. Peat developed into coal in a number of 
stages. The vegetational material was first com- 
pressed tmder successive layers of vegetation. 
Later as marine or continental deposits covered 
the coal swamps the accumulated weight of 
sediments compressed further the plant ma- 
terials and caused a progressive decrease in vola- 
tile matter and moisture. It Is estimated that it 
takes 100 years to form 1 foot of peat and from 
3 to 8 feet of peat to produce 1 foot of coaL 
Pressure, therefore, is one of the great factors in 
coal devebpment Lignites are d^cteristkally 
found where burial is shallow and where there 
is little crustal distortion, whereas anthracite 
and high-carbon coals are formed by greatcom- 
pression related largely to crustal disturbances. 

Fixed carbon gives the black color to coal 
and burns with a short flame giving almost no 
smoke. The volatile matter, consisting of com- 
pounds of carbon and hydrogen, is important 
because of its high heat content and the number 
of by-products that are obtained from it in the 
destructive distillation of coal in coke ovens. 

Besides fixed carbon and volatile matter there 
are a number of svaste materials in coaL The 
moisture content of coal varies from as httle as 
less than I percent in anthracite to more than 
40 percent in lignite. The ash in coals comes 
from foreign matter in the original plant ma- 
terial or from sediments washed into thessvamps 
as the peat was formed. The ash content in some 
coals vanes from less than I percent to as much 
as 55 percent. Ash and water arc diluting sub- 

* WlUnd Francis, CoaL lU Formalian and Comiionfaon, 

London, 1961, Ompten Z, d. «x^S- 


stances, so that they are an economic waste 
frctor in storage, hancfling, transportation, and 
consumption. 

RonJics of Coal. Rank indicates the differ- 
ences in the progressive evolution of coal from 
lignite to anthracite. The alteration is marked 
fcy a decrease of vdatde matter and an increase 
in fixed carbon from the low-lo high-rank coals. 
Tills diange is a function of weight of on^nal 
overburden, age, and local deformation. It does 
not refer to grade or quality which is primarily a 
function of the amount of ash and sulfur in the 
coaL 

The standard classification of coal by rank in 
use in the United States was established by the 
American Society for Testing Materials.® (Fig. 
3 and Table 1). The basic scheme of classifica- 
tioo is according to fixed carbon and heat effi- 
ciency (expressed in Btu's) calculated on a 
mineral-matter-free basis. The higher-rank coals 
are classified according to fixed carbon on a <hy 
basis, and the lower-rank coals according to 
Btu’s on a moist basis. Agglomerating and slack- 
ing indices are used to differentiate between 
certain adjacent groups. 

li^te, frequently called brown coal, u the 
lowest rank. It is characterized by a moisture 
content of 30 to 43 percent and a fixed-earboa 
content of 30 to 55 percent. The structure is 
fibrous and woody. It disintegrates readily on 
exposure and must be stored carefully to pre- 
vent spontaneous combustion. 

Subbituminous coal is black and may be dull 
or lustrous, but it still retains the woody appear- 
ance of bgnite. Its moisture content also may be 
high, ranging from two to 40 percent Fixed 
carbon varies from 35 to 60 percent- On 
weathering it slacks and has a tendency toward 
spontaneous combustion. Subbituminous coal 
has a fairty hi^ heat value and is mined locally 
in the United States. 

Bituminous coal is the most important in- 
dustna] and heating coal in the world. It may 

’ a^**tfieotion of Coat bt/ Rank, ASTSt SUodard*. 

8, American Society for Testing end Meicculs. PluUdcIpta*- 
fcoiayfvtti., 1961. pp. 1227-1232. 
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ditll liicl to hyJv Itwtnni*. Vie montufe rtorea wcD ant] Uims «jt)j • ^tDow Rime, frr~ 
content b »malL »nd the Ibeitcarbon conicnl quently pN-ing ofl b penetrating otlw. Tlierc are 
wtrt twfween 4S and 6B percent. Thb «»J n»any »afietirt of lanunlwxa coal of which tliC 



Table 1 . C3ai>sifiealion of CoaU bv Rank 

Legend. FC = Fixed CaiLon Vbl = Volatile Matter Btu = Bntish Ihenna! unit* 


Ctm 

C«op 

Lmiir of Fixed Carhon 
or Blu iUnoral-Malter-Free 

Basit 

Beqiiinle Fhi/sical 
Fropeme^ 


1. Meta-anthnate 

Diy FC, 9S percent or more (dry 
VM, 2 percent or less) 


I. Anthraalic 

2. .^thrante 

Dry FC. 92 percent or rnore and 
less than 9S percent (dry WI, 8 
percent Of less and more than 
2perreol) 



3. Semianthraate 

Dry FC. 86 percent or nxsre and 
less than 92 percent (dry VM. 

14 percent or ie&s and more than 
Bpercrnl) 

Nona^omerating 


1. Los»' volatile 
bitumiooux coat 

Dry FC. 78 percent or more and 
less than 86 petecenl (dry ^■M, 

22 percent or less and more than 
i4 peieent) 


n. Bitunusoiu 

2. Medium volatile 
bitUBuooua coal 

3. High volatile A 
bituminous coal 

Diy FC. 69 percent or more and 
less than 78 percent (dry VM. 

31 percent or less and more iban 

22 percent) 

Dry FC. less than 69 percent 
(dry N'M, more than 31 percent); 
and moisl Btu. 14.000 or more 



4. Ib^ volatile B 

bituminous coal 

Moist Btu, 13,000 or more and 
less than 14.000 



5. Hi^ volatile C 
hitimucms coal 

Moist Btu. llJlOOormore and 
less than 13.000 

Either ag^omeratjng 
or oofiweathermg 


1. Sub-bitumiDous 

Moist Btu, 11.000 or more and 

Ins than 13.000 

Both wealbenngaiid 
nooag^metatmg 

in. Sub-bihuniDous 

2. Sub-bituoiiDous 

B coal 

Mood Btu. 9500 or mere and les 
than 11.000 



3. Sub-tntummous 

C coal 

Most Btu, 6300 or more and less 
Qian 9300 


I\’. lagmhc 

1. Dgnite 

2. Brown coal 

Most Btu, less iban 8300 

M«st Btu. less rbun 6300 

Consobdated 

Unconsolidated 


[Source- diai/wntion o/ Cboti AorU; A^iat Standanfc. Fart B, Kmencan Sooetv tor Testing and Maienatv t^iilade^pbia- 
Fennsytvama.] 
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most common are coking, cannel, nonccAing, 
torbanitc. and bc^iead. 

Semibitnminous has a high rixcdorbon ctm- 
tent and has the hipest heating s'siue of sJt 
ranks of coal. It is an excellent steam coal and is 
used for general manufacturing and nlflitics 
when a high degree of heat is required 

Semi-anlhracile differs from anthracite only 
in that it is more frfable. It has a hxed-carbon 
content of 66 to 92 percent and is thus a smoke- 
less fuel with a lii^i heal value, Ls free from soot, 
and bums slowly, making an excellent domestic 
fuel when used with a stoker system. 

Anthracite is a hanl dense coal with the 
hij^csl fixed carlion and lowest hydrocarbon 
content of all coals. It b characterized by a jet 
black color, freedom from ash and moisture, 
excellent coherence, and bums with a short 


Uuc ffatne. It is an (deal domestic fuel because 
of its SRiokelcssness and steadiness in burning. 

Cmrl l{e$frrea and Centers of Production, 
The nation’s coal reserves are extensive but are 
uneveidy distrilnited and hi^ty variable in 
quality and accessiliihty.Tlie coal areas, located 
in twenty-stx coal-licaring states, have been 
classified Into seven major provinces: Eastern, 
Interior, Culf, Northern Great Plains, Rocky 
hlountain, Pacific, and Alaskan (Fig. -t). 

The ori^nal reserves of coal in the United 
States, computed by the United Stales Ccolo^- 
cal Survey, ore placed at 1719 bdlion tons, of 
svhich. on January 1, 1960. it was estimated that 
830 billion tons ^ remain unmined (Table 2). 
These totals, « hich are considerably loiver than 
tbe widely quoted estimates of M. R. Campbell 
in 1929 and the estimates of Paul Averitt and 




Table ), Cla»sifiealioa of Coala bjr RaaL 

Legend. FC = Fixed Carbon VM = Vi^atile Matter Btu = Bntisb thermal emits 


Class 

CrmT> 

Ltmib of Fssed Carbon 
orBlu ilineral Matter-Free 
Basis 

Reiluisite Hiysical 
Properties 


1, Meta-anthracite 

Dry FC, 98 percent or more (dry 
Vbl, 2 percent or less) 


L AnlhraaHc 

2. Anthraale 

Dry FC, 92 percent or more and 
les ihaa 8S percent (dry VAf, 8 
percent or less and more than 

2 percent) 



3. Senuanthraote 

Dry FC. S6 percent or more and 
less tlian 92 percent (dry VM, 

14 percent or less and more than 

8 percent) 

Nonag^omeratmg 


1. LowvoUtfle 
bituRiionus coal 

Dry FC. 78 percent or more and 
less than 86 perecent (<hy V'M, 

22 percent or less and more than 

14 percenl) 


11. BttnfillDous 

2 Medium voUole 
bituoiinoua coal 

3. Itigh volatile A 
bitmninous coal 

Dry FC, 69 percent or more and 
less than 78 percent (dry VM, 

31 percent or less and more than 

22 percent) 

Dry FC. less than 69 percent 
(dry VM, more than 31 percent), 
and OK^ Btu, 14,000 or more 



4. lligh volatile B 
bitummous coal 

Moot Btu. 13.000 or more and 
less than 14.000 



5. fli^ volatile C 
bitunuDOUs coal 

Most Btu, 11.000 or more and 
less than 13,000 

Either agglomeratmg 

or nonweathennj 


1. Sub-bituminous 

A coal 

Moist Btu. 11.000 or more and 
less than 13.000 

Both weathenog and 

nonagglomerating 

Ul. Sub-bituminous 

2. Sub-bitujnmous 

B coal 

XIoist Btu. 9300 or more and less 
than 11.000 



3 Sub-bituouoous 

C coal 

Xknst Btu. 8300 or more and less 
than 9300 


IV, Lignibc 

1. Lignite 

2. Brown coal 

Mast Btu. less than 330O 
.Mmst Btu. less than 8300 

Consolidated 

Unconsolidated 


[Somce' OiMiykwfkjn of Cools by ftanL AS' 1 at Sundaitls, Part 8, Amencao ScKsety for Testing and Materials, Phlidelphix- 
Pemisylvaria.] 
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n»e MinenI Fuels 

most common are coking, canncl, nonwAing, 
torbanitc, and loghead. 

Semibihiminous has a high fixed-carbon con- 
tent and fias the higficst heating value of all 
ranks of coal. It Is an excellent steam coal and is 
used for general manufacturing and utilities 
svhen a high degree of heat is reqiurcd. 

Semi-anthmcite differs from anthracite only 
in that it is more friable. It has a fixed-carbon 
content of S6 to 92 percent and is thus a smoke- 
less fuel with a high heat value, is free from soot, 
and bums slowly, making an exccHenl dotncsb'c 
fuel when used with a stoker system. 

Anthracite is a hard dense coal writh the 
hipest fired carlxm and lowest hydrocarbon 
content of all coab. It b characterized by a jet 
black color, freedom from ash and moisture, 
excellent coherence, and bums with a short 


357 

Uuo fUme. It is an ideal domestic fuel because 
of Its smidtelcssness and steadiness in burning. 

Coal Renerrei and Centers of fVtiducrion. 
The natirm's coal reserves are extensive but are 
unevenly distributed and highly variable in 
quality and accesdbility. The coal areas, located 
in {svcn(y-$« coal-bemhg states, have Iseen 
classified Into seven major provinces: Eastern, 
Interior. Gulf, Northern Great Plains, Rocky 
Mountain, Pacific; and Alaskan (Fig. 4). 

Tlie ori^nal reserves of coal in the United 
Slates, computed by die United States Geolo^- 
cal Survey, are placed at 1719 billion tons, of 
which, on January 1, 1960, it was estimated that 
830 billion tons still remain unmined (Tabic 2). 
These totals, which are considerably low cr than 
the widely quoted estimates of M. R. Campbell 
in J929 and the estimates of Paul Averitt and 
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Tat)I« 2. Ettimated Coal Bncrvrs of the Unilptl States 



Eslimafetl 

EttiiiMted Total Reaena 

EsHmated 

Recorcrable 


Original 

Remaining tn the Cmund, 

Reserves, 

yanuary 1, 1960 


ResCTtej 

/anuory 1, J960 

SO Tercen! Recoiery 





Million of 

Quadrillions 

Rank 

Millians of Short Tons 

Short Tons 

of Btu’s 

Bituminous 

808.420 

760,554 

3S0577 

9,963 

Sub-biturmnous 

437.7-li 

436.812 

215.406 

4.150 

Lignite 

Anlhractie and 

447,966 

447596 

223.798 

2,999 

semi-anthradte 

25.836 

15528 

7.664 

195 

Total 

J.7J9,9W 

1.660590 

830.145 

17.307 


[Souree; Ui Gsolijgical Suive) ] 


Ixui^e B. Bert^hill in 1950, are based on new 
appraisals of coal reserves.^ 

The estimates of reserves are based on a com- 
bination of factoR. Detailed ge^ogic maps 
showing the outcrops and correUtioos of (he 
individual coal beds and geologic reports giving 
detailed measurements of the coal augmented 
locally by data from exploratory and develop- 
ment dnlling and from operating mines are 
primary sources. Urd'ortunately, many coal- 
bearing areas in the United States have not been 
mapped geolo^ailly. As a result many areas 
which are known to have coal have been omitted 
from the estimates because of lack of infonna- 
tioo. For example, in Colorado 75 percent and 
in AVyoming 53.5 percent of the coal-bearing 
seams were not cooadered in the estimates of 
reserves. Progress toward full knowledge of the 
coal reserves of the United States depends on 
an active program of detailed geolo^ mapping 
and explorafoiy dnlling by the United Slates 
Geological Survey and the states geolo^cal 
agencies. The present reserve figures are pro- 
visional and will chan ge as additional informa- 
tion becomes available. 

In estimating reserves the minimum thici- 
ness of coal that can be mined conunerc^y 
was placed at 14 inches for bituminous, 30 

<F*ul A\erin, CdoI Ramn of Ote t'luM SbUo, A 
Fragres Report. January 1, ISeO, BuSetin 1136, UA. Cco- 
luteal Survey, Washington, D C., 1961, pp. Kkll 


inches for subbituminous, and lignite imderless 
than 3000 feel of overburden. All coals with an 
ash content to 30 percent are included. The 
average specific gravity of anthracite and seml- 
anthraate was estimated at 1.47, bituminous 
coal 1.32, subbituminous coal 1,30, and b'gnite 
1.29, and tonnages were computed on this basis. 
Under present mining operations It was estf- 
mated that 50 percent of the coal in under- 
ground mines is recoverable. Using these criteria 
it was estimated that on January 1, 1960, the 
total recoverable reserves were 1442 times the 
recent average annual production. There can 
be no doubt that reserves of coal will last many 
generations under any conceivable rate of 
production. 

Enitem IVorinre. The Eastern province, 
containing the Atlantic coast, the Anthraate, 
and the large Appalachian regions, is the oldest 
mining area in the United States. The Atlantic 
coastai region in Virginia and North Carolina is 
of Lttle importance. The Anthracite region of 
nortiieasteni Pennsylvania is the most important 
in the country, producing 98 percent of cu^ 
anthracite and containmg 80 percent of our 
reserves. 

The Appalachian region is one of the largest 
areas of high-grade bituminous coal in the 
woHd. An area of approximately 50,000 square 
miles is underlain with coal. West Virginia has 
led the nation in coal production since I92S, 
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Tlie coals of tlie Appalachian and Interior 
provinces were the foundation on vvhiA the 
great manufacturing districts of eastern United 
Slates Were established. Approtimately S5 per- 
cent of our bituminous production is in West 
Virginia, Kentucky, Tenasylvania. lUmois.Ohb. 
and Indiana. At present about 2.8 percent of the 
output consists of anthracite scliich makes up 
onJv l.S percent of the tonnage resenes. The 
fourteen northeastern stales consume over 70 
percent of the coal produced but have only 17 
percent of the reserves. For the most part the 
nation’s best coals ore being depleted at a rapid 
rale. The famom Pittsburgh coal bed has an 
estimated life of less than 100 years. Tlie re- 
serves in beds thicker than 42 Inches in the 
fields of southern West Virginia h.ave an esti- 
mated life of less than 7S years at present ex- 
tractive rales 

The industrial pattern of the United Slates is 
telated directly to Ihelocationof thehi^-grade 
bituminous coal Present production centers in 
the coal fields nearest the consuming markets 
Mhere transportation changes are at the mini- 
mum. At present more than half the cost of 
bituminous coal, delivered at the purchaser’s 
siding, consists of frei^C Extensive transporta- 
tion of coal would make the debvered price 
prohibitive for many users. 

PKODuenoX TREXDS AXD TROBLE-WS 
OF THE A3IERICAN COAL IXDUSTRY 

Coal m the United States was Erst mined in 
the early colonial period, but the modem coal- 
miiung industry began only about 1820. Al- 
though the relahve growth was rapid, the output 
remained small until after the Ciiil M’ar. In 1840 
production was 2,070,039 tons and by ISfiOoidy 
14,610,042 tons. Anthracite exceeded the pio- 
duction of hitummous until 1S69, and unhl 1873 
the United States imported more coal than it 
exported. 

From 1850 to 1910. during the great industrial 
expansion of the United States, coal production 
virtually doubled every 8 to 9 years (Fig. 5). This 
rate of gain was maintained almost unabated 


iindl 1910, but after tlial tliere was a tendency 
toward retardation. From 1890 to 1900 the gain 
was 91 percent, but from 1910 to 1920 only 
36 percent. Production rose to a peak output of 
579.3S3.820 tons in 1918. From 1850 to 1920 
was the most rapidly growing industrial period 
of «ir country, and u-as the principal energy 
on which this grow-th svas Ixised. 

Although there were annual fluetiiatjoiis in 
production, the general trend from 1919 to 1938 
was downward. World War II once again 
created tremendous demands for coal. In 1944 a 
total of 619jr8,240 tons of bituminous coal 
were produced. Production declined tempo- 
ranly at the close of the war, primarily as a result 
of prolonged strikes in tlie industry. liowever, 
in 1917 the bituminous production of 630,623,- 
000 tons was an all-hme peak. Since 1947 pro- 
duction has once again declined drastically. In 
1962 bimmf/joux coal oufput was only 122, 149.- 
000 tons. 

ProduedoD trends in the anthracite isdustiy 
have generally paralleled those of the bitunu- 
nwis industry. Anthracite production readied its 

peak in 1917 when 99,611,811 tons were pro- 
duced Althou^ production declined gradually 
in the next quarter of a century, the drastic drop 
from 63,701,363 tons in 1944 to 16.015,366 tons 
In 1962 has placed this branch of mining in * 
particularly precarious position. The anlhiacit* 
region of northeastern Pennsylvania has long 
bcerr pbgued by an economic depression, which 
indicates the re^on is undergomg economic 
changes to which it has been unable to adjust 

.Although production of bituminous and anth- 
racite coals has declined greatly, the decline in 
number of coal miners has been even more 
si^iificant. In the bituminous industry the num- 
ber of workers has been steadily declining since 
1923 when 701.793 were employed to a low of 
143.100 in 1962 This was a decline of 559.693 
or 79.4 percent A similar trend is evident in the 
anthracite industry wath the number of workers 
declining from a peak of 165,386 m 1926 m 
14,010 in 1962. TTiis was a decrease of I51.3'6 
wwkers, or about 91 percent. 

The phght of the coal industry is due to a 
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n^. 3 CmI ptn^urliun al Ibf I'nilcJ $U<n. IU3-IWI!. (I'A Bvtna >1inc«.) 


miinficr of TIk? cncroaclmwnt of oil 

ajwl |:as b tfie baric rnson far the liechnein pro- 
(iiivtion of both Htiuninou< and anlhraote fuels. 
1110 dix-nMie In einploynienl is due not only 
to a decrease in lot d coal ootpul Imt also lo 
peafer c/fidetK-y in niininj; coal TTiejnechanl- 
/alion of Ibe luiderjpouml mine and ihe^jtwih 
of stuface strip mining have l*ecn major farton 
fi> Inacaritij; pmdnctn-lty. Tlie oulpwt of l»ih»- 
niincuu coal per man pet day was tons in 
19'’3, .At that time fiJ>3 perrent of ibe t«J was 
nil by iiiadiiiK-s. 31.7 pcm-nl was cut l>yband. 
ai>il unclerttround nirdunical loading w as »1rtu- 
allj uninowa In lOtU ihe average didyosilput 
per man in tindtYgnxinJ mines was JI.97 loos 
With fS3 3 jierrml of tl»e coal cut by machines. 


33 percent wm mined by rontimioiis mining 
snachlnrs. awl ojJy 4.7 perrent was cut liyliand 
and shot from the »tid seam. In strip mining 
the aserage daily output per nun in 1902 w:as 
Zf(.7t{ tons. 

IV/ae/po/ VarsofCtta}. Mini of tJje 35,000.- 
000 tons of talumirxnis ciial produced monthly 
in the United Slates is consumed in (he nation’s 
dectric power utility plants, factories, and for 
docnestfc liealing. Tlie consumptiiKi of coal fn 
the dccttic power utilitirs has increased frrm 
12 percent of Uie total in 1915 lo 31 percenl in 
1935 and to 49 peamt in 1902. Tfie electric 
power iitilities are now the largest single user 
of iT>aL Of the tndustrUl users, the manufactur- 
ing (ndiistnrs tale aliout 24 percent and ll>c 
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coke industries about 19 percent of the nation’s 
coal output. Coal used for domestic heating has 
declined from 25 percent of the total in 1W5 
to about 15 percent in 1955 and only 6.6 pCT- 
cent in 1962. This same trend has occurred in 
coal used by railroads, with a decline from 22 
percent of output in 1945 to 7 percent in 1955 
and less than 1 percent in 1962. Other minor 
uses are for colliery fuel, hunker coal, and a 
smafl foreign trade. 

COAL CONSERVATION PROBLE3IS 

.llinin^ Proefices and Xosset. There are two 
principal methods of minin g coal, underground 
workings and open pit or stripping. The loss of 
coal In underground mining is still a very serious 
problem. The percentage of total coal recovered 
in mining varies to a considensable extent. In 
individual mines as much as 60 to 90 percent of 
the coal in the area actually being mined maybe 
recovered. From the total resource p^t of 
view, however, recoverability appears to be 
only about 50 percent of the coal in the ground. 

A number of causes lead to underground 
mining losses. Present mining methods, utilizing 
only the best coals, leave miUioos of tons of coal 
untouched in the ground in a condihoa (hat 
makes future recovery unlikely, even at a 
marke^y higher price. Coal left on the roof and 
floor, in rooms, in entries, and is panel pillars 
causes other losses. Formerly, the greatest loss 
in mining came from coal left in pillars to sup- 
port the roof of the mine. Modem methods em- 
plojfng the long-w^ or panel system avoid 
mu^ of this loss, for the coal is mined in retreat 
and the roof allowed to fall as soon as the coal 
is recovered. Other wastes involve coal lost 
under buildmgs, tiansportatioa routes in 
boundary pillars, in cemeteries, and around oil 
and gas wells. Coal may also be wasted in 
hs/idiiogaadifi its prepantiitm. ioMOTTK" pres- 
sure and insufficient margin between the cost 
of mining and the selling pnce of coal areotber 
reasons for leaving large areas of coal uiutiined. 
The suspension of mine operations at tunes of 


Conservation of Natural Resources 
strikes and shutdowns frequently results in great 
loss of coal, especially on pillar lines. A con- 
tinuously operated mine will aid malenally in 
the conservation of available coal still left in 
the ground. 

Since the early 1930’s open-pit mining has 
increased greatly in importance. Coal stripping 
began before World War 1, but was relatively 
unimportant until large shovels were developed 
Before 1926 the largest stripping shovels had a 
dipper capacity of only 1 to 3 cubic yards. The 
largest shos'els noiv hold 75 cubic I'ards, and if is 
possible to dig with them to a depth of 120 feet. 
The amount of coal mined by stripping has risen 
rapidly from 1 percent of the total in 1917 to 
about 33 percent in 1962. 

The advantages of strip mining are many. In 
1962 the average surface miner produced more 
than twice as many tons per day as the subsur- 
face worker. Althou^ investment in stripping 
machinery is high, the salvage value of this 
equipment is much greater than that of subsu^ 
face equipment. The danger in open pit opera- 
tions is minimal The recovery of coal is from 
7S to 95 percent of the original total 

The great problem of strip mining Is the 
restoration of the land after the power shovels 
have worked to uncover the co^.* The great 
furrONvs of rocky materials, commonly called 
spoil banks, have often become majoT areas of 
desolation. A number of states and local com- 
munities has passed legislation requiring that 
the land be leveled and improved However, 
restoration to the original contour is now ques- 
tioned Usually the cost of such operations o 
prohibitive. The leveling processes often pack 
the soil so firmly that seedling frees do not sur- 
vive. In many situations it has been found that 
the best restoration is the planting of trees on 
the original spoil banks. In many mines the last 
open cut can be made into small lakes with ei- 
cefihnt recreafiona/ faciCiCies. fn fuif country 
furrows, which are usually on the contour, hold 
the runoff ivater effectively and are thus WgW 

*D. Jackson. Jr, “Strip Mining, Rtclamaboo ^ 
Pulilic,' Coal Agr, S’oL 6S. .May 1963, pp. M-9S. 
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IwneficJat to the groNvth of IrcifS. CTceJlcnl Itm- 
l)cr stands have Ixwn developed in Illinois, Ohio, 
and Pennsylvania on llie batiVs.® In sonw in- 
stances the income from flic land is greater after 
such treatmCTit than it was liefore die stripping 
operations.^ However, no two spoil Lanl arms 
can be subjected to the same Irealmenl. Some 
spoil lianks have higji lime content and can sup- 
port Various grasses and deciduous trees. Pa.stuTc 
and forage use Is usii^y limited liccausc the 
strip slopies prc\«nt mowing. Other bonks are 
hi^y acid and will support only conifer pbnt- 
Ings at best. Because of its many advantages, 
stnp mining wfl] remain imlil llic surface de- 
pwits are exhausted. 

fVm/ueifon 0/ Coke. The processing of «m 1 
into coke resulted in tremendous losses when 
Ihelwebivc oven was employed. ^Vlth the intro- 
duction of the by-product coVc oven in die early 
lOOO's these losses have been largely eliminated. 
A ton of bituminous coal cokesl in a fieehive 
oven will yietd about 130(1 pounds of metallurgi- 
es} coke, uheress the same amount of coal, 
coked in a by-product oven, will yield ISOD 
pvnunds of coke os well os 22 pounds of am- 
monium sulfate, 9 pylons of tar, 2.S gallons of 
light motor oil, and 10,000 cubic feet of gas. 
In 1905 less than 10 percent of the coke was 
produced in by-product ovens. Since Iben the 
growUi has been rapid, and in 1962 , 98 2 per- 
cent of the coke was produced in tills way. 

Comerralion lit Coii$ump(ion. Tlicre has 
Iteen a remarkable gain in efficiency of coal 
ublization by the principal consumers. Thw 
substantial reduction in ecmsumption of coal 
pet unit of work is an important form of con- 
servation, for it increases the potential useful- 
ness of our coal resources. These improvements 
have been due largely to the following sclrtwco- 
jnents: (1) gnawtb of knowledge of ihe composi- 
tion and properties of coal; (2) improvement of 

•W.C. Jmin. "tend Consen^thn Opre 

rn Minrt," Sfinlng Congreee Jonmpt, Vol 49, Oclobcf 199^ 
pp. 52-56. 

’ “nediiming lend for PmSt," Coal Ag^, Vol. 89, Ottehtr 

I903,pp.S4.I0l. 


the pliy-sical prtxxssing of coal for specific ases. 
(3) IntnxlucUon of economics in conversion of 
coat to heat energy; (4) introduction of ccono- 
mics in conversion of coal to mechanical energy; 
and(5)reJiKt/an of energy required foraff'ven 
purpose. 

fmprored Knoirfedge o/ ifie Xatnre of Cunl. 
Coal is a highly complex substances whidi is the 
source, in part, of thousands of products from 
aspirin to dyes. The first survey of (lie composi- 
tion and properties of coal was made in tliis 
country in lOftl. This wwk has been continued 
by such groups as tlic United States Geological 
Survey, the Bureau of the Mines, and ihe Ameri- 
can ^icty for Testing. Special attention has 
been jdami on such research as reactions in- 
volved in the utibaation of cool, classification 
of cools as they occur io the ground, develop- 
ment of standard grades and specifications for 
most efSdent utilization m marketing, end uiili- 
zalioD of the coal as a raw material In the chemi- 
cal industry. 

PweMl/tfr of Cooh fur Speelfie 
V»e». Co^ as it comes from the mines usudly 
hat impurities and is not the best size for effi- 
cient utdoalion. Nearly all the anthracite and 
nearly two-thirds of the bituminous in 1962 was 
sized and cleaned before it was marketed. 
Mechanical cleaning means cleaning raw coal 
with mechanical devices that separate out the 
impurities, usually by diEerences in specific 
gravity. In 1062, of the 330,407,84 1 tons of raw 
coal cleaned there were only 271,632,559 tons 
f>l deanetl coal. Bcfiise amounted to 67,775,282 
tons or 20 percent of the total. 

The washing of coal to reduce its ash and 
sulfur content developed about 1920. The keen 
competition wi(/i other fuels and introduction 
of mecharucal methods of mining have encour- 
aged this development. The percentage of coal 
washed has increased from 5,3 percent in 1927 
to nearly two-thirds in 1962. The cleaning of 
coal is « conservation measure, for it permits 
the crushing of lumps of impure coal and re- 
coveiiog a considerable portion of the coal. 

Alter the coal is w’oshed, the problem of re- 
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moving surface moisture is critical. The need to 
remove the moisture is necessary in ord«- to 
avoid freezing difficulties and to facilitate han- 
dling the coal during shipment and transfer to 
the firebox, to reduce the heat wasted in evapo- 
ration of surface moisture of the coal, to de- 
crease transportation costs, to improve the coal 
so that it may be used for specific purposes, sudi 
as producing coke and briquets, and to facilitate 
dry cleaning. The three principal methods of 
removing surface moisture from coal are gravity 
drainage, mechanical dewatering, and thermal 
drying. Thermal drying is generally used on 
coals that cannot hs easily dried by gravity 
drainage or tnecham'cal means. Thermal drying 
became important in the late 1950’s and by 
1962 thermally dried bituminous coal and bgnite 
amounted to 47,000,000 tons, or about 1 1 per- 
cent of total production in the United States. 

Conienion of Coal to Heat Energy. Most 
modem home furnaces are inefficient producers 
of heat energy. Efficiency tests by the Battelle 
Memorial Institute in Columbus, Ohio, have 
revealed wide variations in effective utibzation, 
summarized as follows; 45 percent efficiency 
for hand-fired bituminous, 55 percent for stoker- 
fired bituminous, 50 percent for hand-fired semi- 
bituminous, 70 to 75 percent for natural gas, 
and 60 to 70 percent for oil. The largest losses 
are due to escape of heat in dry floe gases, rang- 
ing from one-^ird to iwo-tldrds of the lotd. 
Other Josses are from moisture, carbon roon- 
onde pis, and unconsumed carbon in the adi. 

Most of the prevailing losses can be prevented 
by improved firing methods. Stoker fcring gives 
higher efficiency and eliminates a large per- 
centage of the smoke. In hand firing, efficienaes 
depend to a large extent on the persona! factor. 
The public needs to be educated in the hait^ing 
of coal furnaces. The schools of the nation can 
contribute greatly to the saving of coal by edu- 
cating the coming generations in the most eco- 
nomical and efficient manner of using the par- 
ticular coal available m the different parts of 
the country. Maximum efficiency, as great as 
90 to 92 percent, can be attained proper 
finngof pidverized coal in stokers- 


Conrerrion of Coal to jlfec/idnico/ Energy. 
ESdeacy when coal is converted to mechanical 
energy has been increasing steadily, but still 
needs improveroent. By the end of World Warl 
the most efficient steam engines consumed a 
htde more than a pound of coal per horsepower 
hour, and by 1962 this figure had been reduced 
about 50 percent. The electric-uhli^ power 
plants have made significant gains in fuel effi- 
ciency. From an average in 1902 of 6.4 pounds 
of eoi per kilowatt hour the level was reduced 
to 0.86 pounds in 1962. The quantity of coking 
coal consumed per ton of pig iron was reduced 
from 3194 pounds in 1918 to about 1700 pounds 
In 1962, a decrease of over 45 percent. 

Coal-burning steam turbine plants have been 
able to attain an efficiency of only 31 percent, 
and mercury-vapor plants have a maximuin 
efficiency of 58 percent. Industrial boilers have 
an efficiency between 60 and 65 percent. One 
of tbe great needs is for more extensive and 
better utilization of insulation materials to 
eliminate the.se wastes. 

77ie Future of Coal. The future of coal In the 
coming decades will depend on two important 
factors. Tbe first, and more important, is the 
availability and utilization of petroleum, natural 
gas, water power, and atomic energy: the second 
is the development of technical improvements 
that wfll continue to raise the efficiency of coal- 
burning hirnaces. 

Industry has constantly carried on a research 
program in order to improve coal-burning 
equipment. Although more efficient stokers, 
boilers, and Ere boxes will lessen the demand 
for coal per unit of work performed, these im- 
provements Will tend to overcome the competi- 
tion with petroleum and natural gas and conse- 
quently increase the total coal consumption. 
Because of the limited supplies of petroleum 
and natural gas, the great consumption of lhe« 
fuek carried long dLslarjces in pipelines for 
burning under stationary boilers may be. m one 
sense at least, considered anticonservalional 

Super power plants located at the mine for 
the conversion of coal to electric energy are now 
in operation to eliminate the expensive charges 
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for transporting Uie liuUty ctxil. Tlie protlwctton 
of s)-nlhcllc niUwr, plastics, njloii. cxplostves. 
and hundreds of oUicr products in svliich coal 
can l« a basic raw maicnal has gro^^^^ grcalty 
in the past two decades. Coal may also become 
Q major source of ccrlain rare dements such as 
germanium. An increased number of by-prod- 
nets from the coking of coal could Ixjcome of 
importance. Tlie Cermans are known to have 
produced edible fa(s and cooking oils from 
low-grade cod. 

Coal remains one of the clieapest and most 
abundant fuels. It thus should continue to lie 
used in such processing and maniifacluring 
«liero it can compete successfully uith other 
fuels. M«t leaden In the coal industry bcliese 
tliat its problem would Iw eased if the United 
States adopted a national fuels policy. Such a 
pilicy would specify the chief «tses to which 
each hid srauld l« Iwst adapted widi respect to 
economic and national secunty considerations. 
Coal would thus be assigned tlie primary re- 
sponsibility of fueling heavy industry, esiKCially 
electric power utilities. In tliis manner tool 
would be oisured a strong competitive position 
among the mineral fuels, 

I’ETllOLEUSI 

Im/utriance nf ihe /Vfmfeum Indutiry. 
Petroleum is probably, our roost indispeaslHc 
and hmited mineral fuel. It has been one of the 
most significant minerals in shaping our modem 
civilization. With petroleum products used for 
Illumination, power, heating and Iul>ncation. 
it lias grown to be one of our largest industries. 
The value of crude oil produced from 1850 to 
Jam, sty 1. tm, was The- 

assets of the American petroleum industiy are 
now valued at $47,000,000,000 in comparison 
to $30,000,000,000 for the chemical industiy. 
$26,000,000,000 each for the motor vehicle and 
food Industries, and $20,000,000,000 for the lion 
and steel industiy. In 1962 tlie total value of 
crude oil, natural gas liquids and mitural gps 
produced was $10,659,079,000. To produce Ks 
products (he petroleum and natural gas indus- 


tries emf^oy 295,000 workers in drilling and 
production. Approximately 40,000 are engaged 
in transportation; 150,000 in petroleum refining; 

125.000 are employed in wiioiesole marketing; 

600.000 men attend to service stations and retail 
outlets; and more tlian 20,000 highly trained 
rcscarrfi personnel are engaged In developing 
new processes and products. More than 200 
taxes have been imposed on various forms of 
petndeum products from which federal, state, 
and local lax collecting authorities receive an 
average of $2,500,000,000 in taxes each year. 

Even though the use of petroleum Iuls influ- 
enced many aspects of our economy, its most 
far-reaching effects have l>een in the field of 
liansportation. Today approximately 70,000,000 
passenger can and 14.000,000 trucks and Inises 
crowd the nation's higbwajt. The effect on out 
economy of faster travel has been enormous, 

The utilization of pclrolriin) has also been 
important in other pliases of our modem life. 
Its influence in changing agricultural practices 
lias been sinking. When tlie oil industry liegan 
osTr a century ago, alxiut tsso-thircL of the 
gainfully employed were in agriculture. At 
present only about 8 percent arc so employed, 
but agricultural output Is many times greater 
than (hat of 1 00 y ears ago. Tlie use of petroleum 
produrts in prcscnt-diy medionizcd farm ma- 
chinery has been a major factor in the increased 
efficiency of agricultural operations. The farmer 
is one of the best customers of the oil industry 
Many of the insecticide sprays are product 
from petroleum. Substitution of tractors for 
horses utd mules has released much farm land 
for growing crops for human consumption This 
is B basic reason for the improved American diet. 

kVlwl^ pelsekw}) is important Sot peaceiin^ 
endeavors, it is possibly even more important 
In war. Ever since World War I petroleum has 
pbyed a major role in providing the fuel for our 
armed defenses. The demancls for petre^um 
products have sometimes been overwhelming, 
but the industry has always met its obUgatloas 
During World War II, 5,000.000,000 barreb of 
off were produced. New refineries with a capac- 
ity of a billion b-irrels were built in tlie United 
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States. The industry built, relaid, or re'^ersed 
the Bow of more than 10,000 imles of pipelines; 
the flow of oil to the east coast by land routes 
increased from the prewar level of 5000 barrels 
daily to over 1,000,000 a day at the peah. And 
the American tanker fleet, despite all losses, 
grew by more than four and one-half fames. 

The cotnpelhng demands of war have also 
encouraged rapid technical progress. ITie un- 
precedented needs for 100 octane avialioo 
gasoline during World War 11 brought about 
rapid commerdahiation of new processes. At 
the start of the Korean War, the United States 
was threatened with a shortage of benzene 
which is a basic raw material for many kinds of 
plastics, s)Tithetic rubber, nylon, detergents, and 
other products for both defense and civilian 
needs. Presiously the entire production of ben- 
zene had come from coke ovens. Within a few 
months, the petroleum industry had become a 
large-scale pi^ucer of benzene, and the short- 
age bad been alleviated. 

The petroleum industry is an inherent part of 
the American economic system. Although our 
resources are limited, demands continue on a 
spltahng-upward trend. If our reserves are de- 
pleted within a few decades as predicted by 
some oil experts, America will face one of its 
most complex iodustrial proUems in providing 
a substitute fuel. 

Tfte vVn/ure of Petroleum. Crude prtroJeum 
is a complex mLxture of oily hydrocarbons, 
which also frequently contains small quantities 
of oxygen, nitrogen, and sulfur, with varying 
amounts of natural gas, water, and inert mate- 
rials.* A large number of diSerent mixtures 
makes possible wide variabons so that crude 
oils may range from gasoline to pilch orasphalt- 
Petroleums, in general, are divided into three 
classes — paraffin, asphaltic, and mixed base — 
according to then dominant chemicals coinpo- 
sibbn. 

Petroleum may be colored a straw. 

*n. >LSinil2>,~CoRipo9bai> ctl'iulu] States Crude Oilt,~ 
Industrial and Zngmarnrtg Oitmisfrtf, VoL 44. 19^ pp 

2577-S3. 


green, brown, or black. Usually the light-colored 
oils are high-grade crude, and the darker-colored 
oik produce the lower-quality products. The 
density of crudes is expressed in specific gravity, 
which is the ratio of the weight of a given vol- 
ume of water under standard conditions. The 
specific gravity of crudes varies from 0.77 to 
1.00. Since the specific gravity scale is eiqiressed 
as a fraction and the numbers are read with 
difficult, an arbitrary scale, known as the 
Baume, is used. On the Baume scale a specific 
gravity of 1.00 is read as 10". Oils nearly as 
heavy as water have readings close to 10”, 
whereas those b^ter than water have roudi 
higher readings. A crude is said to be heavy if it 
tests below 20* Baum^ or light if the reading is 
above Baume. In general the value of crude 
rises as the BaumS reading increases, for light 
oik are usually rich in gasoline and light 
naphthas 

Oecurrence of Petroleum. Petroleum kgen- 
erafly consderd to have originated from organic 
material, such as marine animal organisms and 
plant life, which was first deposited in sedi- 
mentary rocks. This material was then eowred, 
and theories advanced for the change of organic 
matter into crude petroleum include tbeefffcis 
of heal and pressure over a long period of time, 
of bacterial actfoa, otlon'-tempeeaturecatal/BS, 
and of radioactivity. It has also been suggested 
that oil was sot formed in the sediments, but 
was produced in living organisms and only re- 
leased in the sediments. The process of origin is, 
however, an impoitant key to exploration, for 
petroleum is found chiefly in sandstones and 
limestones. 

Many geolo^c structures are favorable to the 
accumulation of petroleum A common form of 
trap is the anbcline with the typical arrange- 
ment of natural gas at the top of the anbcline. 
oil beueath and on either side, and water at the 
base. Intrusions of deep-seated rocks may af*? 
provide a suitable medium for oil accumulation 
This IS particularly true of rock salt, which C 
hi^y plastic under pressure The salt usuaflv 
takes the form of a dome pushing up the sur- 
rounding rocks and forming a seal against then 
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fractured edges, thereby preventing the escape 
of liquids or gases froJti diose rocks. Another 
common trap is the stratigraphic trap. Theacai- 
mulalion of oil is due to the vanation In perme- 
ability providing a closure to the reservoir. An 
example of this trap would be a layer of sand 
thinning out into an impermeable shale or alens 
of sand endosed entirely by clay or shale. 

Producti of PelroUiim. The petroleum in- 
dustry produces a wide variety of products. 
Each product performs & unique and distinctive 
function which has not been adequately met tqr 
any substitute or competitive material, 

The earliest important product obtained from 
cnide oil was kerosene, providing inexpensive 
artificial illuminalion which was superior to all 
illumlnants of Its day. Kerosene contributed 
greatly to the spread of (nformatioa, for it gave 
the opportunity for more and more people to 
read and learn. Kerosene also became an lUu- 
mimmt in the field of transportation, contrib- 
uting greatly to the v^-orld's safety. Although 
kerosene has been replaced by gas and elec- 
tricity In most sections of our country, it is stiD 
an Important illuminating and cooidng agent 
In many rural areas and foreign countnes. 

Gasoline, which has replac^ kerosene as the 
most important product, is tbe most funda- 
mentally necessary fuel of the modem world. 
An outstandmg achievement of the petroleum 
industry has been keeping pace with automobJe 
manufacturing which uses a large percentage trf 
the total oii output. The proportional yield of 
gasohne from crude has risen greatly as a result 
of improiements of refining teclmdogy. re- 
covery of gasoline from natural gas, andcrachtig 
of heavy crudes. 

The lubricating materials suitable for hi^ 
speed, high-temperatiirc machinery are obtam- 
able in sufficient quantities only from petroteum. 
To meet the needs of humfreds of different 
machines and engine designs, lubricating nfls 
and greases are produced in infinite varieties. 
Tlie power and production machine, whidi 
characterizes our civilization, has been made 
possible by petroleum lubricants. 

After gasoline, kerosene, and hght hibncaling 


oils have been extracted from the crude, there 
stiff remains lire heavy, less volatile oJs in the 
fona of gas oils and fiiel oils. These oils may lie 
used as raw materia] for cracking gasohne or 
directly OS a fuel in industry, transportation, 
agric-ulture, and for domestic healing. 

Besides the traditiona! petroleum product:., 
petroleum lias become one of the major raw 
materials for a mammoth pctrochemicrd in- 
dustry. This vast industry, which only became 
important about 1940. is nou' valued at more 
than $5,000,000,000. At present, petrochemicals 
account for one-third of the nation’s total chem- 
ical production. Except for ammonia which is 
the largest volume single petrochemical, the 
greatest markets lie in the group of compounds 
used for plastics, synthetic rubber, and synthetic 
fibers. At present the petrochemical industry 
consumes only about 1 percent of our total 
petroleum production and less than 5 percent of 
our Datura] gas. Furthermore, the mardmiun 
requirements projected to 1975 can be met 
without utilizing more than 3 or 4 percent of 
anticipated oil and gas production. 

Ctoftraphle Dittriltuiion of Petroleum, 
Petroleum Is widely drstnbuted m conterminous 
United Slates where nine major provinces cover 
thuty-two stales (Fig. 6) Although the petro- 
leum areas are widespread, the really large 
yields of od arc obtained from a few states. 

THE APPAUvciiiAN pnoviNCE. This region, 
which exlerxls from southwestern New Vork 
Clirougii Peiiosylvania and from southeastern 
Who to Tennessee, is the oldest producing re- 
gion in the world, The first well was drilled in 
1859 near Titusville, Pennsylvama, and with the 
discovery of oil on August 28, the modern oil 
industry was bom. The first oil boom soon fol- 
lowed and has been repeated a hundred times 
in most of the new od areas. Pennsylvaoia was 
the pnncipa) supplier of the world's oil until the 
Unu-lndkna provinee was discovered in 1881 
The maximum for the Appalachian province 
was reached m 1891 when more than 33,000,000 
barrels were produced. Production hasdeebned 
slowfy since that date and annual output now 
totak less than 13.000,000 barrels. Most of the 
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duction has increased. Wyoming, now ranlring 
fifth among our oJ-producing states with mi- 
put of about 145,000,000 barrels, is the leading 
producer, followed by Colorado, Montana, and 
Utah. In view of the large area and varied struc- 
tural conditions, there are strong possihihties 
that a still more intensive exploratory program 
will discover new and important producing 
fields. 

THE CALifORNiA PBOVTNCE. Califonua raiiks 
third svith an aimual output of less than 300,- 
000,000 barrels of petroleum. Production has 
declined in recent years from a peak output of 

365,085,000 barrels in 1953. The decrease is 
due primarily to the paucity of new discoveries. 
There are only two targe producing districts, 
the Los Angeles Basin and the southern portion 
of the San Joac^uin Valley. Evidence of oil from 
surface seeps had long been knovm, but the 
first successful well was not completed until 
1875 in Fico Canyon. Production increased 
rapidly and In 1903 Califomia became the 
largest oil-producing state. The State of Cali- 
fornia has been in first, second, or third place 
since then. 

The oil pools are characterized by hi^ gas 
pressure so diat individual well productioo is 
usually large. The oil is predominately asphaltic 
in character, but small quantities of hi^- 
qualily crude are produced. Because of great 
flush production and compebtioa, eicessive 
dnhing has characterized the area. After much 
waste, the oil producers have finally recognized 
that conservation practices pay dividends. Cali- 
fornia now has a state conservation law which 
helps to prevent the waste of natural gas. This 
gas is conserved not only for industrial uses but 
also to maintain pressure in the wells, (bus in- 
creasing the amount of oQ that can ultimately 
be recovered from the producing sands. 

ALASEAN PHoviNCE. Petroleum and natural 
gay have Asng been sougir lii AZasjfa. The foot- 
hills north of the Brooks Range were long 
thought to hold the greatest promise. In 1923 
the U.S. Navy reserved 37,000 square miles for 
Its own use. Geological exploration anddriOing 


in the Point Barrow-Cape Simpson area began 
in 1944. As a result small oil and natural gas 
deposits have been discovered. Petroleum has 
not been produced in commercial quantities. 
Natural ^ is used by federal installations in 
Barrow and in 1962 was made available to local 
residents. 

Commercial production of petroleum began 
in Alaska in 1957 with the discovery of oil on 
the Kenai Peninsula. Production of the area has 
increased rapidly and by 1962 totaled 10,260,- 
000 barrels. The Swanson River field is the major 
area of production and is expected to have a 
billion barrel potential. The field is being de- 
veloped under modem conservational practices. 
Reptessuring of the field be^n in November 
19&1 in order to maintain reservoir pressure. 

There are large potential petrohferous basins 
in Alaska. The sedimentary basins of the Yukon 
and Kuskokwim rivers are most promising, but 
little exploration has been undertaken. A 
smaller area extends for about 350 miles along 
the southern coast of the Alaska peninsula. Ex- 
ploration is advancing in this region, including 
the drilling of wildcat wells. 

Trends in Piroduetion, The petroleum in* 
dustry has experienced a continuously rising 
production curve (Fig. 7). The increase from 
1839 to 1900 was relatively modest, rising from 

11.963.000 in 1875 to 63.621.000 in 1900. Total 
production for the period was 1,000.000.000 
barrels. The great demands for petroleum were 
created by the development of automotive 
transportation. Domestic production rose 
rapidly after 1900 from 209,500.000 barrels in 
1910 to an initial peak of 1,007,300,000 banels 
in 1929. After a temporary recession in the early 
i930*s, the 1936 pn^uction exceeded the 1929 
peak, and output has continued to rise to an 
all-bme hi^ of 2,678,185,000 barrels in 19^ 
Althou^ production continues to increase ui 
the nation, the ChUed States has become a 
major importer of crude oil and petroleum prod- 
ucts since 1946. In 1962 the nation imported 

419.757.000 barrels of crude oil and an addi- 
tionai 341,607,000 barrels of refined products. 
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or alwut 29 percent of total domestic demand. 
About 62 percent of tJie imports came from 
Venezuela and an additional 18 percent was 
from the Middle East. Other important sources 
include Canada, Libya, and Trinidad. 

Migralional Trerul*. Peculiar to all mineral 
exploitation is the characterishc of cxhaustl- 
biUty; oil and gas pools are notoriously dwit- 
livei parbatlarly when exploited under the 


wasleftd practices ol competitive driUinj;. Todav* 
the computed centers of oil and gas production 
are fat from the areas where the industry was 
first important The line of mardi has been to the 
west and south following closely in the w^ke of 
discovery. 

The center of oil production was located In 
western Pennsylvania from 1859 to 1889. Com- 
mercta) production began in Ohio, IVcst Vir- 
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f^lnia, and California in the 1880‘s, and by the 
middte I890's the center of output was to 
northwestern Ohio dose to ttic Indiana boida. 
In 1900 more than 57 percent of the crude oil 
came from the Appalachian district, more than 
onc-lhird from the lima-lndiana district, and 
the remaining 8 percent from California and the 
Gulf coast. 

From 1600 to 1910 the center of production 
shifted westward from western Ohio to centra) 
Kansas, as a result of the remarkable discoveries 
of new oil pools in the Midcontinent field. By 
1919 the center had shifted slightly southward 
to the Panhandle of Oklahoma. Califoinia was 


Conservation of Natural Resources 
the leading state from 1903 to 1915. From 1915 
to 1926 California and Oklahoma were about 
equd in output and first place shifted between 
them. In 1®7 Texas became the largest pro- 
ducer and has maintained the lead since then, 
producing 35 percent of the national total in 
1962. The center of production has conse- 
quently shifted, first soulb'vestu'ard to 1929to 
northwestern New Mexico and then to the Pan- 
handle of Texas as a result of the outpouringof 
oil from these fields in the early 1930’s. With the 
great increase to the Louisiana Gulf coast fields 
and the gradual decline of California produc- 
tion to recent years the center has shifted to west 
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V Bescrs'es luppl^i and demand fur petrelAw In the United States. (V.S. Bureau of Mmts.) 


central Texas at the present time. In 1962 about 
dS percent of tltc crude oil produced came from 
the Midcoittinent fields, about 25 percent from 
the Gulf coast Bolds. 22 percent from the West* 
cm fields, and only 5 penvnt from the Coslem 
fields. 

Vnlietl Stiitet Pftroleum lieiervet. From 
ihe earliest period llie convtcUon of an early 
exhaustion hu haunted tlic pctrolaim industry. 
Because pctrolctun is a liqiud deeply buried u 
the earth, the only w-ay to meo-sure reserves Is to 
ilnll into them and estintate possible recovery. 
Hie prown petroleum reserves of the Uiuted 
States have licen constantly revised upward 
(Fig. 8). The first estimates were made irt 1909 
wiicii tlic automobile indtutiy was Ireginninglo 
male its first great demands for gasoline. U sstm 
esiimaleel tliat the total petroleum yield of the 
United States might be as low as 10,000,000,000 
Kanels or a high as 24,500.000,000 l>arrc!». The 
first estimates in which the proven reserves were 
separated from estimates of unexplored fields 
were made in 1921. In ifits eslimale S.OOO.OOO,- 
000 lurrcls were classified as oil “in sigfil" on 
January 1. 102i and 4,000.000,000 hamU 


additional as prospecbve and possibly recover- 
able l^ ciinent methods of production. In 1025 
the American Petroleum Institute estimated 
proven reserves to be 5,321,427,000 barrels 
The Federal Oil Conservation Board stated in 
Octolicr 1932, that new discoveries raised the 
known reserves to 10.000.000,000 larrcls, and 
the American Petroleum Institute on January 1, 
1939 reported that proven reserves were 
17,3-13,148.000 barrels. 

The proven reserves continued to increa-se 
until the mid*1050's, and liave remained fairly 
steady in recent years. On January 1, 1963 the 
American Petroleum Institute and the American 
Gas A.vsociaUon reported proven reserves of 
31,389,223.4)00 barrels of crude oil and 7,311,- 
517,000 larreb of nattml gas bquids, making 
total reserves of 33.700.740,000 barrels. .New 
proven reserves in recent yean have approxi- 
mately erpialed production. Texas has alwut 
47 percent of the United Slates crude petroleum 
reserves, wiUi Louisiana, CalifomU. Oklahoma. 
WynnuD^ New Sfexico, and Kansas fonowfng 
in that order (Fig. 0). 

Proven reserves in any poof fnefude fioth 
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drilled and undnlled oil recoverable under 
ensl/rg economic and production sjTfems now 
in operation. For a one-well field, where devel- 
opment has not gone bejond the discovery well, 
the area assigned as proved is usually small m 
regions of complex geological conditions, but 
possibly larger where the geology is simple In a 
sparsely drilled field the area Iwtween wefls is 
coostdered to lie proved only if the infOTmatlon 
regarding the geology of the field and the pro- 
ductive horizon is adequate to assure that the 
area will produce when dnllcd. Thus, the total 
of new oil, throu^ discovenes estimated as 


proven in any ^ven year, will lie comparatively 
small, but the total new oil proven by extension 
of known fields will be comparatively large 
(Table 3). 

Trend* of Petroleum Reierret. The ultimate 
siirviva! of the petroleum industry depends on 
the di-sctjvejy of oew fields and deeper oil- 
bearing zones. The extent to which new sources 
win be found will depend ^eatly on whether 
the pnee of oil will pcrmil the heav)' and m- 
creasing expenses of new exploration and stJJ 
maintain a profit. 

Between 1Q19 and 1930 three major fields. 
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ttiorr lJun IOn.O(Tt>,flO() I«urel5 uimi* 
ally, w-CTC di'waveml Mcli year. Since aJwut 
MttO wp l»vT Jcpcntlcd jnoiT lor cmr new oil 
n-sovirc« on llie crtcnnoivi of knowit fields 
rallier than on ivnijilcJely ikw discoveries (Fig. 
10). l>irtng World ^\■ar 11 ami Immediatdy 
f<illo'»1m;, new discoveries vsereat a particubrly 
tw r(ifi U?«tise of restrictwm fn ilnlling ex- 
ploratoiy sscHs. Eiploration increased fn ihe 
Life I910'* and early 1050'*, Imt soon an os’cr- 
Stijsply of oil developed not Only In the United 
Slates l«it in the wotUL The Increase in l!»c 
pnxliidive capacity j^aler than in demand 


residted in a hwenngof the price of pefroleu/n. 
Uns, cotTibliied with increasing exploratory 
costs, bad a depressing effect on tlic United 
States petroleum industry. 

E*jdof»lnry activity is the initial step to petro- 
leum discovery. This activity can be mexsured 
1>) the niimliCT of geoplijilcal crew nKintlis 
wtjrled each year. The numlicr of crew months 
worked reached a peak in 1053 at about SW*) 
ami has iJcdlned steadifv. Crew months uoried 
tn 1062 were more lion 50 percent lelow die 
1953te>cL Another vital activity is the teasing of 
prospeeiKe acreage. Acrrage under leave for ofl 
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Table 3. Estimated Proved Recoverable Reserves 
of Liquid Petroleum f Crude Oil aud Natural 
Gas Liquids) and Natural Cae in 
the United Stales 



Jan 1. 
1963 

Ainimeif 

Production 

Slqipfy 

{Keserte 

Du-vtcdbii 

Pmduenon) 

BiILons of barrels 
bquut petroleum 

38.7 

2.7 

143 

oil from shale 

930 

- 

- 

TrilhOQS of 
cubic feet 
natural gas 

273.7 

14.7 

186 


(Souiee Amrncan Peti^eum Insbtule and American Cas 
Associabon.] 


wtd gas, iivcltidmg that already proven produc- 
tive. reached a pealc of 424.000,000 acres, or 
about 20 percent of the entire land area of the 
United States in 1S59, but declined to about 
380,000,000 acres in 1902. 

The test well Is the next step In oil erplora- 
lioa. The number of ttploratoty or uiJdcat wells 
dialled reached an all time high of more than 
13,000 in 1^0. This impoitant activity has 
steadily dedined. In 1962 only 9000 wildcat 
wells were drilled. In the modem period under 
the best technology, only about one wildcat well 
in nine is successful in discovering any oQ or ^ 
and only about one in forty locates a field which 
is commercially pofitable. After a Geld Is dis- 
covered it must be developed by additional 
drilling. Similar to the trend in woldcat weDs, the 
total number of wells dnlled reached a peak in 
1956 with 58,000 wells, and steadily denned to 
only 45.000 wells in 1962. With fewer wells 
being dnlled and with continued unprovemenl 
in drilling technology and equipment, the num- 
ber of drilling rigs in use has alw declined. This 
measure of the industry activity reached a peak 
of 2700 rigs in 19K, and h^ since declined 
steadily to about -tO piercent below the 1933 
level in 1961 


TTie goal of exploration and development 
activities is to find new oil and gas reserves. 
AVith explorahon and development activity 
deciining, the rate of growth of oil reserves has 
been dowed considerably. The foregoing anal- 
ysis of trends, however, should not be inter- 
preted to mean that the oil and gas resources 
of the Umled States are nearing depletion. For 
example, when natural gas is converted to bar- 
refs of crude oil equivalent on a Btu basis and 
added to liquid petroleum reserves found, more 
total reserves per well drilled were found in the 
period 2959 through 1962 than in the 30-year 
period before 1962. During the 4-year period an 
average thscovery of 138,000 barrels per well 
compares svilh an average of 131,000 barrels for 
the period 1953 throu^ 1962. The capacity of 
the petroleum industry to produce has con- 
tinue to rue to an all-tiine peak of more than 
11,250.000 barrels per day as of January 1, 1063- 
Almt 2,850,000 baireb per day, or more than 
25 percent of this capacity, was shut-in or idle 
at the beginning of 1963. 

prrnOLEUAi conservation 
PROBLE. n5 

Applied petroleum conservation lies largely 
in wise uhlization in order to achieve ma.rimum 
recovery with minimum waste as a result of an 
advancing technology and a growing social 
responsibihty. In each of the lechracal branches 
—exploration, dnllmg. production, and refining 
— new scientific advancements have added bil- 
lions of barrels to our reserves. If our petroleum 
industry is to serve adequately for its maumum 
penod of existence, a continumg and expanding 
program in public education and technical re- 
search is a necessi^. 

Petroleum Exploration. developMXST of 
sctEimnc E-cpiiORATiov. The first oil fields 
were discovered either by surface evadence. 
such as seepages or gis bubbles, or by pure luck 
It was not unitl after 1900 that the industry c-on- 
sidered geological mterprelation a definite aid 
to oil exploration. Beginning atiout 1912 geoto" 
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gists started to map outcrops to locate favoralite 
drilling locations. By 1920 various kinds (Across 
sectioas, subsurface contour maps, and peg- 
modelt in three dunensioas uwe being used 
extensively. Tlie results of the initial explorations 
s^ere encouraging, and soon the known struc- 
tures had been drilled to depths permitted by 
existing equipment. 

The most radical change that has come about 
in exploring for oil and gas has been the intm- 
duction of geophysical methods in the early 
1920's. One of the earliest was the refraction 
seismic method developed by German scien- 
tists. In this method, scientific use is made of the 
fact Uiat seismic or earth waves, caused by a 
charge of explosive detonated at or near the sur- 
face, will travel with greater speed through 
dense rocks than through the surface formations 
between the starting and recording device. The 
refraction method was successful m locating a 
large number of salt domes on the Gulf coast. 

American scientists developed Che wldely 
used reflection seismic method. In the reflection 
method the depth and configuration of deeply 
buried beds are determined from records of 
waves that originate at the blast and are reflected 
back to the surface, similar to the echoes that 
result from reflection of sound waves. The re- 
sults were phenomena], and the method is used 
today in practically all oil-producing countries. 
TIus method has been applied particularly to 
areas where no surface indications are present. 
It can i>e used for (lie deepest drilling possiUe 
today. 

Tlie gravity method of exploring for o3. which 
by means of a torsion balance measures local 
variations in the inteasity of the earth’s gravita- 
lional field, was also introduced Jo Ibe raiiy 
1920's. It is based on the principle that as tbe 
density of the rock varies, » does tbe gravita- 
tional attraction at tlie surface. Thus the puO at 
the surface of a Chick limestone lied in an mti- 
clinal structure is greater over the crest than at a 
point over the flanks where the limestone is more 
deeply buried. Gravitational changes arc veiy 
small so that tbe instruments must l>e of great 


sensitivity, The gravimeter, however, has the 
advantage of being small, weighing as little as 5 
pounds, It can also be used under water. This 
iiutrumeot haj been parhcularJy helpful in 
discovering salt domes and for reconnaissance 
surveys. 

An indication of subsurface structures can 
also be obtained by measurement of changes in 
the intensity and direction of the earth’s mag- 
netic field brought about by certain mineral 
deposits as a result of the conductivity or resis- 
tivity, and other electrical properties of rocks 
constituting the earth’s crust. The method is 
useful in determining depths of the magnetic 
igneous basin and thus assists in the mapping of 
s^imentary basins. 'The most significant ad- 
vance in magnetic surveying was the develop- 
ment of the aubome magnetometer. ’The 
instrument is normally towed behind tbe air- 
craft and recordings are made of the total mag- 
netic field along a senes of grid traverses. The 
magnetometer is prioo'paUy used for recon- 
naissance surveys. 

‘Tbe use of aerial photographs is advancing 
rapidly in oil exploration for interpretation of 
structural features such as anticlines, faults, and 
other features. Plane-table mapping still is of 
value, but aerial photographs present a direct 
view of the terrain and inake it possible to estab- 
bsh easily tbe exact position of objects Aenal 
maps can be made with a contour interval of 
approximately one foot which are equal in 
accuracy to transit and plane-table surveys 

Results of planned exploration, The de- 
velopment of geophysical and other methods of 
surveying has greatly increased the possibilities 
of xliscovering oil. The problem of findmg addi- 
ticnal o3 for our expanding market demands an 
active exploration program. The industry is now 
spending several million dollars a year in re- 
search to develop new techniques and improve 
okl ones.® Some of the current problems involve 
direct od finding by geophysical and geochem- 

ailaiTuon T. Bnmdage. "Modern Esplontion Methods 
•nd fWd ApphetUont," World Oil VoL liS. Febmary IS, 
I9M.PP. 109-131. 
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ical methods, adaptatioa of the seismic method, 
the origin of petroleum, and intensive studies 
of subsurface data collected from old and new 
wells. 

Drilling, trend toward deefzr ORiui.vc. 
Drilling advancements, which have permitted 
the penetration of all types of formatians at 
ever-uicreasing depths, have been significant 
factors in extending the life of the petnJeum 
industry.*® Ihe pioneer nells were exceediagly 
shallow, many not exceeding several hundred 
feet Graduafly the depth increased. By 1690 
the deepest well was ov er 5000 feet and by 1923 
nearly 6000 feet. In 193S a test weO in CaMornia 
reached a depth of 13,001 feet and in 193S a 
new record was established with a ueH 23.301 
feet deep in Texas. 

Deeper drilling has been respoosihle for the 
discovery of new fields in areas where shallow 
drilling has proved unsuccessful, and ol new 
sands underlying oQ-produdng fields in which 
the existence of such sands, if hnowo, was pre- 
viously considered beyood the limit of driOiog. 
It is estimated that the ultimate recovery from 
reservoin already discovered at 5000 feet or 
more in depth wiO be in excess of 12,000,000,000 
barrels, or about 10 percent of the total ultimate 
recovery from fields discovered up to 1964. 

urpROVTSfENTS IN EQUIPMENT. The outstand- 
ing change in drilling techiuques, directly re- 
sponsbie for reaching greater depths, «as the 
shift from the cable tool method to the rotary 
method. Greater speed is an important advan- 
tage of the rotary drill It is not uncommon fora 
m^ern rotary ng to dnH as mud) as 1000 feel 
of soft formation in one day. .-Vs a result of the 
development of "hard-rock*’ bits and bard- 
surface alloys, the rotary system has been 
adapted to practically all formatians. 

The success of the roUiy system has been due 
to scientific control of the circulating mud flirid 
and the ability to drill a hole of uniform size. 
The mud coats the walls of the hole, so that the 
water sands are sealed without usmg numerous 

■*Md llobb*. ‘AdwmtnmU m the Drilling ImhntTr," 
n-ofL/Oa 15% Febnurr IS. 19». pp. eS-n 
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String of steel casing. Thus in rotary drilling a 
hole of uniform size can be maintained to any 
depth, whereas with cable tools the hole gets 
progressively smaller, eventually leading to 
“nmnfngout of hole,” a condition that prohibits 
further drilling. 

Other major advancements in drilling include 
improvements in cements and cementing tech- 
niques and development of methods to control 
hi^ subsurface pressures and temperatures. 
The application of direcrional drilling has made 
it possible to develop offshore fields, such as 
those in the Gulf of Mexico and along the Cali- 
fomia coast, where the derricks are on the 
shore and the ofl reservoirs underlie beach 
resorts or deep water. 

There has been a general improvement in the 
design, strength, and power of drilling equip- 
ment. With increased depth the trend has been 
lo heavier rigs. The cable tool derrick has in- 
creased in hei^t from 64 to 122 feet, and rotaiv 
derricks vary from 122 (o 178 feet ESdeot 
gas-pressure cnotrol ecpiipmenC has been in* 
vented which pennits dnilmg In hlf^-pressuie 
areas. The development of these drilling tech- 
niques has added thousands of square miles of 
p ro spe ct ive oil area and has added substantially 
to our crude ofl reserves. 

rrfrpfeuni rmdueiion. The techniques of 
producing oil from vvells have been revolutioo- 
tzed. .A sdentific analysis of trachuonal methods 
has iodicated many desirable mocLfications, for 
the life of an off field depends to a Urge extent 
on its method of dev-elopment** Improvcmcot 
in weD spacing, cfiiciency of reservenr opera- 
bons. increased importaace of production engi- 
neering, and secondary recovery methods have 
enabled constantly larger proporbons of the gas 
and off in the underground reservDir to be 
recovered. 

CMTIZED DEVELOPMENT. PetToleum, UTlllke 
solid minerals, moves underground with shiftmS 
pressures. Thus oil will mov e toward a » ell w he** 
them has been a release in pressure. The long 

R. tv. Scon. ‘.Vdi-aaccntmti in rnducIiMi 
WaMOi lot IS%Febfa»n- IS. J9M,pp. &S-ieI 



The Mineral Fuels 


3T3 


established “nile of capture” in oil and gas 
regions pves the owner of an oil well the right 
to produce all oil that flows into his well Asa 
consequence, as soon as an oil well is drilled in 
an area osvned by small landholders, each owner 
is forced into an intensive drilling campaign if 
he is not to lose his oil. In the past the fact was 
largely ignored that oil and gas pools are single 
units and that for maximum production they 
should be developed and operated without 
reference to surface property hnes. In hundreds 
of our oil fields thousands of needless weBs have 
been dnlled because of the competitive char- 
acter of the American oil industry. The greatest 
disadvantage of uncontrolled drilling is maid- 
mmn production witliin a short period of time 
With resultant loss of the gas pressure and con- 
sequently a low iJtimate recovery of the oil. 

No general rulo of weD spacing has been de- 
vised, for each pool must be considered sepa- 
rately. It may be stated that the optlinum 
number of wells in an oil reservoir is the mini- 
mum number to allow proper control of the 
reservoir energy in order to obtain maximum 
yield. In recent years (here has been a tendency 
toward wider well spacing. During World 
War 11 the federal government required a spac- 
ing of one well to .40 acres. At present (here isa 
tendency toward a spacing of up to 600 acres 
per W'cU. 

The most effective solution of the problem 
of well spacing is the unitization of all oil ficM 
operations. i* Its primary purpose is to conserve 
the natural resource b)' treating the complete 
field as a unit. To lie complete, unitization must 
cover such aspects as preventing overdriUifig, 
the application of secondary methods, and selec- 
tive prtxinctSon in parti of the Seld to toXe the 
place of competitive drilling over the whole area. 
Unitization should be established in an o3 field 
as early as possible in its development. 

EfnCICNCY OF RESEUVOIR OPERATIONS. The 
increased knowledge of the principles of reser- 

ir'X^niliznl Oilficicl Conwrvztioii Proieds in the Vnilcd 
Sr#lM and Cxfud^** Jnleeititv Oil Compaei Cotnmituaa, 
Srconciary ttrccivny »nd Fre s mre MaujitenaiiM Commitlre, 
19^,111 Fp. 


voir behavior and of the factors affecting re- 
covery have contributed more to our present 
reserve position than any otlier single develop- 
ment. The most elHcient operation results from 
maximum use of natural energy. In the early oil 
industry, and ihe practice still exists in certain 
areas, it svas common procedure to produce the 
oil as rapidly as possible; this practice is now 
reco^iized as extremely wasteful Controlling 
the production rates and conserving the reser- 
voir energy are hkety to increase the ultimate 
recovery. 

Fundamental research on the physical prop- 
erties of (he oil resevoirs has been considerable 
since 1925. Tlie knowledge of the reservoir 
energies, free gas. oil and dissolved gas. and free 
water has been greatly increased. It is now 
generally recognized that there are three ways 
in which these fluids behave to release energy: 
through a simple expansion of gas released from 
solution in the oil, through displacement of the 
od from the sand by downward expansion of a 
free gas cap. and through displacement of oil 
by upward mflux of water from below the oil 
sands. 

The adoption of methods to maintain as 
nearly as possible the original reservoir pressures 
has usually proved successful. Tlie problem is to 
maintain natural pressures or, if these are ex- 
hausted. to create new energy by water or gas 
repressuring 

INCREASED IMPORTANCE OF PRODUCTION 
ENGiNEEBiNC. UpoD Completion of a well in 
most new fields, an efficient production organi- 
zation is necessary to give (he largest ultimate 
recovery possdde. Advances have come so 
rapidly tliat oil-producing operations have be- 
come highly specJalSzed. Jwdj the sfandpomt 
of efficient recovery and the conservation of 
reservoir energy, tiie use of a particular sized 
tuhiDg m flowing wells, particularly where 
natural gas is the chief propulsive agent, is 
probably one of the most important technical 
advances. Wben wells are produced at consider- 
ably less tlian open flow rates, as under a prora- 
tion schedule, higher efficiencies of flow are 
attained through tubing of smaller diameter 



3S0 


Conservation of Natural Resource* 


than would be obtained through large pipe. 
Modem oil and gas separation, operating under 
pressure, affects efficient s^aration of fluids and 
gases and allows virtually complete recovery of 
the gas accompanying the oiL This permits the 
gas to be reinjected into the oil san«L maintain- 
ing the reservoir pressure and increasing the 
ultimate yield. 

SECO?fDVHY FECOVERY DEVELOPMENTS. By 
the pnmary production methods practiced in 
the United States as much as 50 to ^ percental 
the onguial oil remained in the oil sand when 
the wells were abandoned. As a result the oil 
industry is developing processes by which a 
greater recovery of oil can be obtained after the 
free flow has ceased and pumping is no longer 
profitable. Secondary recovery practices are 
growing In Importance, and the application of 
^ese techniques has been the most significant 
development in oil produedoa in the last two 
decadn. Consequently, mIDioas of barreb of 
additional oil have been added to our reserves. 

Secondary recovery is now practiced in aO 
oil-producing states. In central PenosylvaDia 
production on certain leases has been tocreased 
more than 700 percent by gas drives. In the 
Bartlesville field of Oklahoma the original reser- 
voir pressures yidded a total of 4000 to 6000 
barreb per acre over a period of 20 years. With 
the intj^uction of gas drive an addidonal out- 
put of 1000 to 1500 barreb per acre has been 
recovered for a period of more than 10 yeais- 
In Texas at the bepnning of 1962 there were 
18S1 secondary recovery projects of which 1568 
used water, 252 43 water and and 18 

liquified petroleum gas as the type of injectiem 
Buid,’^ New secondary recovery prc^'ects are 
being added in Texas at the rate of more than 
300 per year. Secondary recovery projects now 
account for approximately one-third of Texas 
crude oil production. These projects have in- 
creased the esfpitated reswves hy SO percent or 
about 3,000.000,000 barreb. 

ir A o/ ServnJirry Recoc^ry anJ Fmavre iiainim- 

nonce Operatvjna in Tmu to I96X Tn^ Petroleum Be 
leart^ Committee, Austan, Tnas, BuQeUo 62. 


TEimARV RECOVERY DEVELOPMENTS. After 
the application of primary and secondary proc- 
esses most oil fields still contain large quantities 
of oil that is not recoverable by the traditional 
methods. For example, according to the Inter- 
state Oil Compact Commission only 26.5 per- 
cent of the original oil in California can be re- 
covered by primary and conventbnal secondary 
recovery methods. This means that 43.500,000,- 
000 barrels of oil now discovered cannot bepnj- 
duced by using traditional methods. One of the 
most promising of the new tertiary recovery 
methods is that of using in-situ combustion, 
commonly known as fireflooding. The basic 
principle of thb process b to heat the oil suffi- 
ciently to decrease the viscosity so that it can, 
under pressure, be moved to a producing welL 
Thb process fa particularly important in redoes 
of heavy oil It is estimated that fireflcKxJing 
could add 4.100,000,000 barreb to the recover- 
able reserves of California. Kaowo results indi- 
cate that fireflood production can create certain 
difficulties, including safety problems. The 
safety problems include disposal of tedc, explo- 
sive gases resulting from the combustion proc- 
ess. the handling of high-pressure air equipment 
necessary to sustain combustion, the handling 
of high-voltage dectrietty if on dectncaJ ignitor 
is used, and protection a gain st well blowouts 
caused by hi^ pressures induced by combus- 
tiOD. 

stAXaMusi on. raonuenoN thfouch con- 
SEBVAttov 1-Aws. The conservation of oil and gas 
by preventing waste and obtaining the greatest 
idtimate recovery fa the most important sia^e 
factor in oil and gas production. Control of pn> 
duction rate, preservation of gas caps, injection 
of gas and water, pressure maintenance, cj'clmg. 
and the many auxihary controb have not alwaj'S 
been in use. Under our system of government 
the state has the duty and responsibihty to con- 
servv? aaturai resources. However, state gorem- 
ments were slow to act in respect to oil and gas 
cooservabon. 

Widi the discovery of the East Texas field in 
1930. overproduchon, coupled with waste, be- 
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came so devastab'ng that firm steps were taken 
to regulate the industry. Tlius, as a consequence 
of wasteful overproduction, the science of mod- 
em petroleum conservation began to crystallize. 
The East Texas field became a national proving 
ground for cscperiinental laws and methods. As 
one law was cast aside, a new one was enacted; 
as one regulation was invalidated, a new one 
was tried; as one weakness was remedied, a new 
one was developed. 

Finally, in 1?J35 the Interstate Oil Compact 
came into being*^ This is basically a treaty, 
sanctioned by Congress, entered into by oil- 
producing States for the purpose of assisting the 
various states in the formulation of sound oil and 
gas conservation programs and for the purpose 
of public education in the necessity and methods 
for oil and gas conservation. The Intentate Oil 
Compart establishes no coUechve power of en- 
forcement and membenhlp is entirely volun- 
tary. However, each state in assuming member- 
ship j^edges its efforts to enact and enforce 
laws, mlas. and regulations that may be required 
(0 bring about the conrervatian of od and gas 
produced in its own jurisdictloa 

Tldrty-cne states have become a member or 
associate member of the Compact. The Com- 
pact functions through the Interstate Oil Com- 
pact Cooimissioa, whose duty is "to make 
inquiry and to ascertain the methods, practices 
and circumstances, which bring about the 
prevention of physical waste of oil and gas and 
to report at intervals its findings and recem- 
men^tions to the States.” The Commission isa 
fact-finding and fast-developing body engapng 
in studies to determine the most advantageous 
methods^ practices, and conditions of conserva- 
tion. All members have enacted conservation 
laws and have issued rules and regulations under 
such laws. Because of Its dominant position as 
an oil producer, Texas plays a unique role among 
the oil-producing stales as a vitd force in the 

A Summary of the Barhgnufult Orgonlzalion, Purpoeee 
dnJ Funetione of the Intentate Compact to Coneeree 
and Cat, IntmUle Oa Compact Commmion, 1963. 17 


conservation movement. The position Texas 
takes in regulation of production influences all 
other oii producing states and even many 
foreign countries.** 

ReJinUtp. ADVANCES Lv REFINING. The lech- 
Bologfcal advances in refining ia the hventieth 
century have also added millions of barrels of 
oil to our reserves. The greatest advancement in 
refining has been the development of the crack- 
ing processes since 1913. by which heavy hydro- 
carton molecules can be broken into lighter 
fractions by the application of comparatively 
hi^ temperatures and pressures. By this method 
the amount of gasoline from a barrel of crude 
oil has been increased from 5 to 18 percent to 
3S to 54 percent of the total yield. ^Vith the 
development of catalytic craddng. ihc yield of 
gasoline has bees increased to 65 percent, and 
could be increased beyond this figure. 

If it were not for the increased yield of motor 
fnel made possible by cracking, two or three 
times more crude oil would be needed to supply 
the present demands Besides lengthening the 
bfe ^ our petroleum resources, the convemoa 
of the heavy fraction of petroleum to gasoline 
Ity cracking has tended to retard the extent to 
which coal has been replaced by oil as an mdus- 
trial fuel. Without cracking, the heavier frac- 
tions would have been available in constantly 
larger quantities from ordinary distillation proc- 
esses and would have been placed on the market 
at prices more strongly competitive with coal. 

The cracking process not only mcreases the 
quantity of gasohne, but also its quality. tVith 
thermal cracking, gasoline as high as 80 octane 
could be obtained. Then through auxiliary proc- 
esses and catalytic cracking, high octane ratings 
have evolved. Polymerization, the first of the 
auxiliary catalytic processes to be developed, 
yields gasoline of about 90 octane. Alkylation, 
another catalytic process based on refinery 
gases, made possible the production of 100 
octane gasoline. Catalytic cracking, which came 
into widescale commercial development tlur- 
Erich W. Ziaimermaiui, Contmatian in the Froduclum 
of FeiroUtan, New Qevetx, 1957, p. 143. 



382 


Conservation of NaluraJ Resources 


ing \\'orId \\'ar II, produces pisoline with 88 
to 90 octane and gives as hi^ jiclds as 
thermal cratldng. Even with these processes, 
refineries would have difficulty in fulfilling the 
demands for hi^ octane fuels if it were not tor 
a development called cataljtic reforming in 
which low-octane gasolines are upgraded to 
gasohnes which, on addition of tetraethyl lead, 
have an octane of 95 to 100. 

The conservational efiects of these develop- 
ments are tremendous. Also, owing to better 
fuels, the modem combustion engine is more 
than twelve times as powerful, weighs about 
one-quarter as much per horsepower, and has 
more than fot^’ times as great thermal efficiency 
as those used in 1920. Thus refining technology 
has increased our reserves and at the same time 
made as-ailable a product of greater efficiency. 

srsTWETic UQVR) FTOS. As the rutural pe- 
troleum supplies are depleted, substitute bquid 
fuels can be produced to supplement the dedin- 
ing crude oiL This supply can come (romanum- 
ber of sources, such as (1) alcohols from vege- 
table matter, (2) disbIlatioQ of oil shales, (3) 
conversion of natural gas by the gas syntheds 
process, (4) h'queficatfon of coal or Lgnite by (he 
hydrogenaUon process. (5) conveniou of water 
gas from coal by the Fisher-Tropsch synthesis 
process, and (6) by-product h^t oils and tars 
from coking coaL Because of the vast quanbbes 
of petroleum available in recent years only 
limited attention has been en to the develop- 
ment of the synthetic fuels. 

Alcohol, distilled from vegetable matter, has 
proven satisfactory when blended with motor 
fuels. At present its production cost is ^eater 
tiian that of gasoline from petroleum, but if (he 
price ran be lowered its use may increase 
greatly. 

Petroleum can be obtained from shales 
which contain httle or no hquid oil but from 
which large quantities of od can be obtained 
by destruchve distillation. The greatest reserves 
of shale are m western Colorado, southwestern 
Wyoming and eastern Utah. Secondary deposits 
are found m Nevada, Indiana, Ohio, Kenhidy, 
West Vugirua, and Pennsylvania. The od yidd 


from these shales varies from 15 to 60 gallons 
per loo of shale, and yields of gasoline from 33 to 
55 percent have been obtained by the cracking 
process. Only small pilot plants have utflized 

011 shales up to 19&f. 

Natural gas can be converted to liquid hydro- 
caibon by first changing it to carbon monoxide 
and hydrogen, which are the raw materials for 
the gas synthesis process. Small commercial 
plants have operated in Kansas and Oklahoma 
for more than a decade. Althou^ gas reserves 
are fairly large, natural gas is usually considered 
(oo valuable as a gas to use it to supplement the 
petroleum reserves. 

In the manufacture of coke and coal gas, 10 to 

12 gallons of tar and 3 gallons of light oil are ob- 
tained m the hi^-lemperatuie carbonizabon 
of one ton of coal, and 20 to 35 gallaas of tar are 
obtained in the low-temperature carbonization 
of one too of coah Much of thu tar is now used os 
a liquid fuel at the steel plants. At present, how- 
ever, this is not a practical method to produce 
large quantities of hquid fuels, for the yield of 
oil is too low in relabon to the quantity of coal 
consumed 

Two processes for the direct production of 
synthetic fuels from coal or lignite have been 
developed. These are the coal hydrogenation, 
or Beiguis-I. G. process, and the gas synthesis, 
or Fisdier-Tropsch process. Liq[uid fuel is the 
priiuary product of both processes with com- 
bustible gases and waxes as by-products. 

Id the coal hydrogenation process the large 
reserves of hi^-volaljle coal of Ohio. lodiaQa, 
western Kentucky, and Illinois and the sub- 
bituminous and ligrute of the Great Plains are 
potentially of value. Subbitummous coal is the 
only grade that can be used at present unbl im- 
proved processes are develop^ One too of 
bigh-VDlable bituminous coal wiH yield from 
1.43 to 1.79 barrels of gasoline, one ton of sub- 
bituaunous coal will yield approomatefy J-H 
barrels of gasoline, and one ton of bgnile will 
yield 0 8 barreb of gasolme. Coal ean be hy dio- 
genated directly to gasoline, but it is possible to 
produce diesel fueb as well as some grades of 
lubncatiDg oil and wax. By convenbonal hi^ 
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pressure h^drogenallort, a gasoline of 70- to 
75-oclanc rating can Iw protliiced In 20 to 25 
percent jieU. 

The gal s)7Jlhesis, or Fischer-Tropsch, procew 
has a much vv-ider application to greater varieties 
of raw materials, including coal, coke, hprile. 
coal gas. natural gas, charcoal, and HOod The 
Weld of pisoline from bituminous coal is about 
2.3 liorrels per ton and from subbituminous 
alwut 1.7 barols. The gasoline from American 
reserves of coal alone would lie approsimatdy 
several thousand faiUion barrels. The straighl- 
nm gasohne. constituting alxiut 60 percent of 
the total, svould have an octane number of al>oul 
50 to 55. Other products include diesel oil. 
lubricating oils, and waxes. 

FeirAfeiim Cnnaiimplion. In consuming 
petroleum and its products, motorists /rerjuently 
forget that they are using an irreplaceable natu* 
ra] resource. Largely Irecause of the cheapness 
of cars and of motor fuel the United States has 
become the world's greatest per capita con* 
sitmer of petroleum. Motoring within the United 
States durirrg 1063 was equivalent to about 20 
million trips around the earth. It is commonly 
known that greater mileage per gallon of gaso- 
line can be obtained if the speed Is only mod- 
erately fast. Throu^ reasonable reduction of 
speed it is estimated that 10 percent of (he more 
than ^.500,0(X),0(X) gallons of gasolitie con- 
sumed in 1962 could have been saved. 

It is also estimated that another 10 percent 
could have been saved by eliminating much 
needless driving, such as short drives in cities 
and seeking a parking place, and by keeping 
pleasure riding within reasonable limits. The 
con-servation of about 13,000,(K)0,000 g^ons 
of motor fuel would be saved for wortbwhfle 
projects. It is also common practice for filling 
station attendants to destroy oil that has motor 
sludge and dirt in it. This od has nearly as mndi 
fuel value as new oil and should be used in heat- 
ing plants and incinerators. Most carborefors 
on ^nerican cars are inefficient utilizers of gas- 
oline. It is asserted that if caibureton were 
properly adjusted on all cars, there would be a 
saving of another $400,000,000 on our annua] 
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fool liifl Conservation Is the effort to ensure the 
maximum present and future licnefits from the 
use of natural resources. It U the obligation of 
every citizen to use our rich heritage iiilh mail- 
mum efficiency' and minimum waste. 

NATURAL C.IS 

liilue and Iftet of Saturnl Cns. Natural gas 
has Iwn called “Nature's most perfect fuel" 
Its use os a raw material In industry and as a 
domestic fuel has had a phenomenal expansion 
in the past decade and promises continuing 
growth in the foreseeable future. The value of 
marketed natural ^ has risen from nearly 
$200,000,000 In 1920 to $652,000,000 in 1947, 
$3,626,046,000 in 1955 to $7,144,690,000 in 
1962. The use of natural gas is mcrea.sing more 
rapidly than the use of other natural fuels. The 
industrial users consume about two-thirds of the 
total marketed natural gas hr the manufacture 
of gui^c. petrochemicals, and carbon black, 
as a fuel for Port land c'ement and electric power 
utilily plants, and in oil and gas field operations. 

Domestic and commercial heating and cool- 
ing, now using over 30 percent of the natural 
gas consumed, coastitute the second largest 
oudet In the space-healing Geld tlie increase in 
the use of natural gas has been sinking. In 19612, 
the four largest consuming states. Texas, Cali- 
fornia, LxnJsiana, and IHinots, took 45 percent 
of the natural gas marketed. Millions of cul^ 
feet of gas were also transported from the south- 
western gas Gelds to the northeastern market. 

Trenth of Prwiuctlon, Dhlribulion, and 
Hetert'es. It has been estimated that commercial 
gas production from the early 1800's to Jan- 
uary 1, 1963 was 210.1 trillion cubic feet. The 
trend of production has been constantly upward 
from nearly 339 billion feet m 1906 to a peak of 
13J] tnlboa cubic feet in 1962. 

The United States has an abundant supply of 
natural gas. Production has been deieJoped in 
31 states, but Texas produces about 44 percent 
of the total. The proven, recoverable reserves 
of oatural gas as of January 1, 1963 were 273.7 
tnffion cubic feet The reserves were dassiGed 
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as follows: 199.7 trillion cubic feet of free 
not in contact with crude oil, 43.5 trillion culric 
feet of free gas in contact with crude oil, and 
29.5 trillion cubic feet of gas in solution in crude 
oil Resers-es have greatly increased since 1923, 
largely as a result of discoveries in the Southwest 
and in California. 

Tbere are now important natural gas regions 
in the United States: Appalachian, Ktidconti- 
nent. Gulf coast, and California. The Appah- 
chian gas Helds include all areas east of central 
Ohio and northeast of central Alabama This is 
the oldest gas-produdng area in the United 
Slates, and many fields have passed their peak 
production. West \3rgnia is the largest producer 
followed by Pennsjbnnia and Kcntuck>'. 

The Midcontinent and Gulf coast fields have 
increased their 19 percent of the total produc- 
tion in 1906 to 68 percent in 1962. Develop- 
ments have been most rapid in Tecas, Louisiana, 
and New Mezico. The California natural gas 
production rose from 0.03 percent of the na- 
tion’s total in 1906 to 14 percent in 1948, but 
declined to about 5.4 percent ia 1962. 

Conserration of Aoturaf Cot. w.ssrt of 
KATcjLU. CAS. The ease of recovery and the 
bountiful supply of natural gas, fre<tueotIy with 
a Umited market, ha\e oRen resulted in an 
exorbitant waste of this valuable mineral fuel 
Until 1918 the waste of natural gas w-as usually 
equal to the consumption. Altiiough the value 
of natural gas is now recognized, tremendous 
waste sbll continues. It has been estimated that, 
if the gas wastage in the oil and gas fields of the 
Texas Panhandle alone were utilized as a fuel 
for a large electric g^ienting plant, 2,575,000 
horsepower could be produced every hour. This 
power would be almost four tunes the total out- 
put of the Grand Coulee Dam and pow er jdanL 

The wastes of natural gas are many and have 
frequently be«l intcotional One of the most 
important causes of waste lies in the common 
practice of aHowmg gas to escape freely from 
od wdls, for this usually increases the immediate 
yield of ofl. Because many oil fields have no 
facilities for marketiog this gas. it is allowed to 


escape into the atmosphere. In some areas the 
natural gas has been withdrawn from the reser- 
vtMT as quickly as possible in order to prevent its 
capture by adjacent producers. In the making of 
l^'-pnaduct* from natural sticfa as carbon 
black and gasoline, the residue gases are fre- 
quently wasted allhou^ they may contain as 
much as 97 percent of the original heating value 
of the gas. 

co'ssERV.ATiov MEASfFES. The gas industry 
is now regulated by local state, and federal 
authorities. The power of these comamsions is 
limited to the w-ording of the legislative acts, by 
judicial review of the commissions, and the con- 
stitutiona] injunctions against confiscation of 
property and discriminatory treatment. The 
local control of natural gas is normally throu^ 
frandiises. These are rights granted by a mimi- 
dpalily autborizieg a private person to engage 
in public utility business and to use public prop- 
erty for private profit. 

Control of the oatunl gas industry in a state 
is today normally by a state comm^on. The 
comirussiOD with its large staffs has greater abil- 
ity to cope with the intricate, techiucal prohlems 
of the industry than its forerunner. Today most 
states have statutes under which a commission 
is empowered to enforce eonscrvational pro- 
grams. Although programs vary, provision is 
generally made for control of the number and 
locatioD of wells to be drilled, the method of 
dnlliog, completing and producing the weUs, 
and the quantity of production. Control of the 
quantity of production, better known as prora- 
tion. involves regulation of the level of produc- 
tion as wdJ as tiie dnisioa of production among 
weB owners. 

On the national level Congress passed the 
Natural Gas Act in 1^8. The Supreme Court 
has interpreted the purpose of this act to be 
“the prevention of the expIoiCaboo of the coo- 
snniw at the hands of the natural gas companies 
and thus requires a comprehensive system of 
controlling the natural gas mdustiy from the 
individual well to the consumer. Conservation 
of natural gas advanced because control 
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of Ihe interstate transportation phase of Ihe 
natural gas industry under the Natural Gas Act 
is complete. 

ATOMIC ENERGY 

Fundamental research and study of atomic 
energy have been going on for several decades. 
However, tlie great concentration of effort has 
come since July, 1042 udth the development of 
atomic energy in the sveapons’ program. Al- 
thou^ the mineral fuels have been con^icously 
developed by private enterprises, it has been 
recognized almost unanimously from the begin- 
ning that nuclear energy must be socialized. In 
IfMS when the Atomic Energy Commission wa.s 
established, complete goveniment control of the 
indastiy was not disputed. Tlie only (juestioo 
v\as which government agency should handle 
this new source of potver. 

Sources of jVuefeor Enerp)\ At the present 
time atomic energy- is developed chiefly from 
(irantum and thoriuai. Uranium constitutes 
0.008 percent of the earth's crust and is there- 
fore twice as abundant os zinc, four times as 
abimdsct as lead, and many times more com- 
mon than tin, silver, or gold. The spectrograph 
and Geiger-Muller counter detect it in most 
granite and sedimentary rocks. However, the 
mineral is rarely found in concentrated form, 
but ore containing a low content of uranium is 
prac-Lically limitless. The most important ores 
containing uranium include uraninite, {ntdr- 
blende. davidite. camotite, and autunite. 

The largest deposits of uraidum in the United 
States are in Uie camotite ores on the Colorado 
Plateau of uestem Colorado, eastern Utah, 
nurtheastem Arizona, and nortfinrstem Meaca 
(Fig. 11). The ores were first developed between 
1910 and 1920. In the 1920's as a result of (he 
lowered radium prices, operations were re- 
duced. and in the 1930's uranium was recovered 
only as a by-product of vansdiam. The ore con- 
tains 2 to 4 percent UjO*. 

In the United States the reserves of UjOg is 
estimated by the US. CeoJogical Suney to 


range from 2100 billion to 6900 billion tons of 
coal equivalent. The larger figure is greater than 
the wind's known resources of coal, oil and gas 
comlrined. If the much lo'ver-grade ores are 
induded, such os granite, man can be said (o 
have an almost unlimited supply of energy.*® 
Tlioruun deposits are found in northwestern 
United States at Central, Idaho, and along the 
southeastern Atlantic coast of North and ^uth 
Carolina, and Florida. 

/Voceltme Uses of Alamie Energy. The 
spectacular development and Use of the atomic 
tmmb for war purposes have frequently Over- 
shadowed the uses of atomic ener^ for man's 
benefits. Nevertheless, a peacetime atomic in- 
dustiy has grown to significant proportion.’^ 

A major area of research has been directed 
toward the development of atomic power sta- 
tions. At the beginning of 1064 there were seven- 
teen atomic power plants with an eleeCneal ca- 
pad^ of 4000 kilowatts or larger m operation in 
the United States, five additional plants were 
under construction, and seven more were under 
contract negotiation as planned. Up to 10&4 the 
federal government bad spent about $1,300,- 
000,000 and private industry approximately 
$700,000,000 for atomic power plants. There 
are now 1,025,000 kilowatt hours of Installed 
capaaty in atomic plants. 

The future growth of atomic power plants will 
slepcnd on its competitive cost position in rela- 
tion to that of convenUonal power plants. A 
report of the Atomic Energy Commission in 
1963 indicated that atomic power would be- 
come competitive with conventional sources of 
power throughout most of the United States in 
the I9T0's and by 1980 would generate nearly 
10 percent of die nation’s eJectricity. U eiso 
forecast that in 2000 a.n, all new electric power 
plants and half of all the electricity then Iiefng 
generated In this country would be nuclear. 

The development of Isotopes has advanced 

••S«n> II. Schufr, "Energy," Seimlific Anterfeon, Vol. 
an, .Seplenber 1963, p. tU. 

n**Esp1odaig Realni of ll>e PeecetuI Atom," Slerl, V<il. 
JS3,Ai>su4 19. JMI3.PP. 
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rapidly in rccrrnt yean init u still in its infancy 
of application. Today llte annual s'aliie of iso- 
topes is alioiit $5,000,000. The proc«sors of 
isotopes and the manufacturers of de'-ices to 
tiandle them now have an annual Inisineu of 
alx>ut $25,000,000. Industry is the leading con- 
sumer of isotopes today. Their application is in 
irradiation and thermal uses. Irratkilion can 
pasturizc, stenliic, thagnosc. heal, clunge the 
atomic structure of materials, and create new 
matenals. Significant applications of uotopes 
hase now been achie\ed. EadmacUve tracers 
are decreasing the lime required to clean nisi, 
mill scale, and oilier deposits from pipelines. 
Isotopes in nuclear gauges measure met^ thid,- 
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ness and are providing new data in cutting tool 
wear. PoI)elh)leT>e pij^ and Qm liecomw 
stronger and more heal resistant when eip<»^ 
to low' radiation doses. A synthetic detergent 
has liccn produced Iw eiposing petroleum- 
derived raw materials to gamma lav's llnU'e 
conventional detergents it is easily decomposed 
lA'lurterfa innversand sc<* age systems, .•t new 
technique known as neutron activation analvs* 
is believed to be the most accurate method 
known to determine the compoation of most 
matenals. 

Tlienna! uses of isotopes by converting lh« 
heal generated into electnaty may be as signifi- 
cant as that of irradiation. Therm j appbcations 
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are already in operation. It has been applied to 
automate^ unmanned weather stations. At the 
present time the United States has isotope 
powered stations at botli poles. The one in the 
Arctic is so highly automated that the only 
moving parts are the hands of a chronometer. 
Everything else is sohd-state electronics. 

There have been some significant advances 
in the use of atomic energy for the propulaon of 
movable objects. The navy has four atomic 
ships in its surface fleet, mcluding the earner 
Enterprise. In 1963 the Navy authorized the 
limlding of twelve new atomic submarines, 
brining to total built, under construction, and 
planned to eigh^seven. The atomic submarines 
are truly submersible jn that they can operate 
completely independent of the atmosphere 
above ilie sea’s surface. They can operate sub- 
merged, therefore, just as long as their personnel 
can endure submergence. The Atomic Energy 
Commission and the Maritime Administration 
also enWsage tlie development of a nudear 
merchant marine. 

Within the next decade the nuclear space 
program may lieeome a leading atomic energy 
market. The National Aeronautics and Space 
Administration believes that lieyond lunar land- 
ings, it will be difficult to go anywhere in space 
williout nuclear propulsion. Studies are r>ow in 
progress to convert heat generated by the reac- 
tor into electricity via thennoelectridty, tberm- 
ionics, or magnclohydrodynamics in order lo 
proWde a reliable, large, on-boaid soruce of 
power for spacecraft. 

By the early 1960’s the importance of the 
atom to better Using conditions in the world had 
Iwome dear.’* Tlie use of atomic energy lias 
graduated from the lalwratory and has moved 
into the production plant, with the residtlhat 
the products of atomic science are being used 
by the average citizen not only in the United 
Slates but in every country of die worlil 

*• D- B, I.oiht)«Kt, "Plow^twm A Progim for ibc f tactful 
ot Nuctcir Eipturf'vt.*' Thynn Toatoy. I4.<Xreber 

iwii.pp.sa.at. 


CENEBAL SUMMAKY 

Our high industrial productivity has been 
made possible largely by the availability and 
utilization of our power resources Our energy 
consumptioD has increased more than twelve 
times since 1870, so that today every man, 
woman, and child has the equivalent of over 100 
slaves working 8 hours eadi day for him. This 
has resulted fn high productivity which is the 
first essential of a hi^ standard of hving. 

Our mineral fuels are still abundant; neverthe. 
less they are irreplaceable and limited in quan- 
tity. Coal will retain a substantial position in 
supplying the nation’s fuel. Technied advance- 
menu continue to develop further econo- 
mies and conveniences in utilization. Because 
we have a rebljvely small quantity of coking 
coals, these should be reserved (or metallurgical 
uses where other coals cannot be substituted. 
The use of all other coals for steam genemtioa 
should be encouraged. Oui petroleum supply 
will lie depleted relatively soon. Therefore our 
natural petroleum should be reserved for motor 
fuels and lubricating needs, and its use as a boiler 
fuel should be discouraged. This will delay the 
time when our petroleum needs wifi have to be 
satisfied from synthetic oils at possibly con- 
siderably higher costs. Natural gas should Ite 
reserved for domestic and specialized industrial 
uses, including conversion into chemicals In re- 
gions where coal is lacking. The development 
of atomic energy in the coming decades may 
change tlie energy pattern of the United States. 
However, tfiis change will be gradual and atomic 
energy wifi supplement, rather than displace, 
our mineral fuels for )ears to come, 

Tfte use of our power facilities can lie ex- 
pected lo increase in the future. Tliis will mean 
a rise in tlie production of capital and consumer 
goods to heists never before reached Conse- 
quently. we can expect a hij^ier standard of liv- 
ing to be attained than in any previous period 
of history. 
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CHAPTER 18 

Conservation of Wildlife 


The conwrvntion of v^-ildUfe means tlie wise tise 
and management of nondomosticated animab 
for the benefit of aJI (he people. Co(h game and 
nongame species and those that sometimes are 
inimical to man's interest ore Included in this 
definition. Came and &ii management orespe* 
cialized branches of the field of comer' 
vadon, Tiieir objective Is the maintenance of an 
adequate supply of game, fish, end bit to meet 
the demands of those who seek wild animals for 
sport and profit. 

Nongamc ^secies are usually considered in- 
cidental by-products of game management 
Their welfare otlierwfse is largely dependent 
on the efforts of interested individuals, private 
organizations, and such government agencies 
as the United States Fish and tVildlife Service 
and the National Park Service, which are sop- 
ported by funds availabfe ifirougfi taxiuion. 

IMPOKTANCE OF 
WILDLIFE IlESOURCES 

Early HUtary, Native wJd animaL are an 
integral part of our American heritage. Their 
utilization for food, clothing, end barter was 
vital to the success of the colonists and later la 


the opening of the West. Tliey made possible 
the establishment of many pioneer settlemenu. 
Many of the early explorations and discoveries 
which opened up the interior of the United 
Slates were made by trappers seeking new 
sources fur for lort^gp trade. Wild animals 
were an important source of food for man as 
recently as the westward expansion of the rail- 
roads during the two or three decades follow- 
ing 1830. During this period, for example, about 
2OT.OOO Inson were killed annually, largely to 
supply meat for cresvs building ihe railroads. 

F<^. We have long since passed the time 
when w«H animals were of importance in tneef- 
ing our food or clothing needs, Although the 
annual kill of present-day game species is enor- 
rnom in the aggregate, it falls far short of meet- 
ing annual food needs. The dressed weight of 
atr bfg game animab taken annuaffy in conti- 
nental United States is estimated to be one 
pound per person. The white-tailed and mulp 
deen account for three-fourths of this total. 
The drewd weifdit of all small game is estimated 
to be less than a pound per person and much of 
it is svasted. 

Fisk for Food and Pleasure. The estimated 
retail value of domestic fisheries in the United 
391 
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Slates for the year 1962 lolaletl $1,181,000,000.* 
In the same year fish imports had a retail value 
$785,000,000. Tlie domestic commercial fisli 
catch for that year wus 5.2 10,000.000 pounds or 
a little less than 30 pounds per capita. Approxi- 
mately lialf lliis amount was iLscd directly for 
human food The other half was converted to 
such commerdal purposes as animal food, ferti- 
lizer, manne animal oil, and glue. Altltoug)! the 
United States catch of fishes has increased 17 
percent in the past decade, it has declined in 
relation to population growth. In the same 
period fish and fish product imports have in- 
creased sulistantially and now represent nearly 
50 percent of the total United Stales supply. 
This country continues, however, to rank hftli 
among die fishing nations of the world, l>cing 
preceded by Japan. Peni, China (mainland), and 
the U.S.S.IL 

The principal fisheries industries are located 
along our Atlantic and Pacific coasts and the 
Gulf cx»st. The Pacific region and Alaska alone 
produced 82 percent of the canned fish pack. 
The Atlantic coast produced 16 percent, aitd 
the Gulf slates 2 percent. Our fresh-water fish- 
eries exclusive of the Great Lakes are of impor- 
tance prhnanly for recreational fishing. 

Althou^ many miUious of pounds of fish are 
taken annually angers, they add little in the 
aggre^te to the nation's food supply. Their 
prinapal value is the recreation provided for the 
more than 25,000,000 persons who fish for fun, 
which in turn generates expenditures for related 
goods and services approximatiog $3,000,000,- 
000.® This is a third more than the value of the 
combined domestic commercial catch and for- 
eign fish imports. 

Fur. ^\^ld furs, although no longer a home 
necessity, still provide a modest source of in- 
come for thousands of trappers and part-tune 

> E. A. Power, r^lieriee of the Cniltd Slalet, tFA Num- 
ber 3200, 1-' S. Department of lolenor. VVuhiogtoR, D d, 

^ Anonvmous. i960 .Vetumal Surrey of FUhtng andlfunS 
•Rg, Circular 120, Bureau ot Sport Fisheries and WUdlife, 
FUh and Wildlile Sertice, L'3. Department of Inlrnor. 
Washiogton. D C, 1901. 


inconte for many farm Iwys. Tlie aggregate value 
of wild trapped fur from forty-one reporting 
stofes in 1002 was $12,500,000. 

Wild trapped furs prior to World M'ar 11 made 
up 85 percent of the total raw fur value. Sub- 
se<|uei|{]y the fur market became glutted with 
long-haired hirs, such as foxes, srolves. skunb, 
and raccoons. Prices on these species dropped 
to such low levels that few trappers troubled to 
catch them. Prices on short-haired fun, such as 
muskrat and mink, have remained fairly steady. 

Populadoas of long-haired fur-bearing ani- 
mak. particularly fox and raccoon, have reached 
high levels throuj^oiit much of Uieir range. 
Other species, notably otters, martens, and fish- 
ers. remain relativ ely scarce and command good 
prices. Beaver, at one time the backbone of the 
wild-fur trade, are again becoming common in 
areas where they had been absent for decades- 

Fur prices fluctuate peatly as style*, eco- 
nomic conditions, and supplies have changed 
and as acceptable substitutes have been devel- 
oped. Increased laiow>)edge of genetic prindple* 
and nutritional requirements of hir-bearing 
animak has made fur farming a profitable ven- 
ture for persons skilled in this fieli It is probable 
that conunerciaJ fur farms may within a fe"^ 
decades provide the principal source of raw furs 
for the /^erican market 

Since lie end of tt’orld tt’ar I, the United 
States has been the leading producer of furs 
among the countries of the world and is now 
the center of the for industry. The retail fur 
trade in the United States which results from 
processing native and imported furs annually 
exceeds $300,000,000. Tbs is a decline of 25 
percent from the estunaled value a decade agp 

Biological fhlue. Modem insecticides. n>- 
denticides, and herbicides, such as DDT, mala 
thion, methoxyeWor, and paratbon for insects, 
2-4D for weed control, and ANTU for rodents, 
have made possible some control of pests heie- 
tofoie reduced largely by natiual enenuc* 
Forest insects, such as the spruce budwortu. 
larch Sawfly and bark beetles, have been broo^t 
under control by use of new- msecbcides. 

Maiiy of our native and mtroduced wild am- 
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nutJs consume great rjuanfitiw of in/uiwus 
insects, weed sectls, and rodent pests. Tlic fol- 
lowing are only a few' of U>e many examples 
that appear abundantly in the hteratiire of 
economic zoology. Forbiish estimated lhat birds 
in 1921 reduced the cost of Insect damage in this 
country by $444,000,000 annually.® Bryant 
credited t^ tneadowlarVs tn tlie Sacramento 
Valley of California when feeding their yonng 
wiOi the daily consiunption of 193 tons of in- 
sects,* McAlee esUmat^ lhat on a sin^c North 
Carolina fatm native firjehes daily ate more clian 
900,000 aphids during an outbreak of these 
insects.* During their hfetime, insect-eating 
mammals, particularly moles and shrew-j, also 
consume great quantities of Insects. 

Many of our ^wks and owls feed primarily 
on such destructive rodents u house mice, rats, 
meadow mice, ground srpiirrcls, and gophers. 
Larger tnaxntnals, such as foxes, skunks, and 
weasels, also feed extensively on these injurious 
animals as do some kinds of snakes. Unfortu- 
nately some of these predators occasionally feed 
on b^Scial speciei of wild animals and do- 
mestic livestock, partiaiiarly poultry. 

Althougji many birds feed extensively on 
w-eed seeds, it is doubtful if they are as valuable 
in destroying the seeds as are Beld-iiihabilmg 
rodents, which thoroughly grind dieir food be- 
fore swallowing it Tlie seeds of such plants as 
red cedar, dogwood, and hackberry, for exam- 
ple, pass iinhannKl through the digestive tract 
of birds and may in this manner becotne estab- 
lished in places where they are unwanterl. 

InJurioM llahits. Nat all wild animals are 
IwneBdal to man. House mice, rats, and other 
rodents are charged with an annual destruction 
of $1,000,000,090 worth of property in the 
United States. Predatory animals take their trfi 
of livestock also. Throu^out the country, poul- 

»EiIwird tl. Forfamh, 77>r VltUl^ of BinU, 

DqMrtmem of Asrkultui«, Bullclin 9, 1921. 

♦lUmld C. Bryont. F.«>nDmfc Value of ihe Wet(em 
ileaJoirlark in C^ifomta, Vmrrnit)’ of Csifomij 
hire Eiperimrnl Station, Bullclin 23S, Berkeley. ISIS. p. It. 

•IV. 1. McAtce, rcortooi, United Sutes Ocpsrlroenf oC 
Agriculture, Woddngton, D C. 1912, pp. 39T-ttU, 


try farmers suiTer from raids by rats, vveaseL, 
mink, skunks, foxes, and predatory Irirds. Tlio 
cattle and sheep men of the western plains and 
mountain ranges suffer losses from hrge preda- 
toiy animals, including coyotes, wolves moun- 
tain lions, and an occasional marauding bear. 
Because of tlieir liunowitig habits, muskrats 
axe snenetunes responsihJe for breaks in dams 
and levees; groimd hogs, Ividgers, gophers, and 
prairie d(^ cause considerable damage by dig- 
ging dens in crop field'!, pastures, and road fills. 

A problem of increasing concern in some 
areas is the damage to grain crops by blackbirds, 
bobolinks, citiws. wild ducks and geese, and to 
fruit l>y starlings and other birds (Fig. I). 



Flp. 1 VVQdJifc. incluiling rucli tpccier u tbe ml-wiDgrd 
iJie tsob^Bnk, »r)d rrftaio diiDloutlvc ivBtbIcrs 
may under iorne eirctimttanees do damage to crops. Bipen- 
■ng corn, as siiown in (hii pfiologrtph, it often iKacled by 
ted 'Hinged btaclbiids, tkonks and reccoon, ud other ani- 
oiets also may cause serious damage lo Ibis crop. Under 
rads randitions ciuttrol measures are necessary. VVilcfiife 
management thui necessitates practices to regulate tbe 
abuBdatice of wtldlife so (bat ft b beneficiof and not harm- 
ful lo man*! interests. 



Wild animals are known to serve as reservoirs 
of disease for both man and domestic livestock. 
Probably the best known is tularemia or rablnt 
fever, a sometimes &tal disease contracted 
human beings from infected rabbits or oth» 
wfld animals. 

Recreorionaf Iblue, According to a national 
survey hunters and fishermen annually spend 
widiin the United States nearly 4.0 billion dollars 
in the pursuit of their sport. The significance of 
these expenditures is apparent when it is noted 
that it is at a level greater than that expended for 
any one of such ncMssaiy services ashousehold 
use of electricity, home telephone and telegraph 



rif. S Aa arefaer hem the and bit guide kt m 

New Bruotwieb forert. MIDjoRt of dotUn are expended 
annually for guide tervicea, t^psent, tnotportalioi. 
lodging, ineali. Lceiuea, and oOvr cottt rrlated lo utilmg 
nibfliie iijoaircrj for ucitatian. 
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service, physicians services, or for radio and 
television receivers and records. Expenditures 
for hunting and fishing are much greater than 
those estimated to be expraded for all speclat or 
amusements including movies, theater, con- 
certs, and sports. 

The survey showed that more than 30,000,000 
persons 12 years of age or older m the United 
States enjoy bunting or fishing or both, and the 
number is growing. It has increased by 5,000,- 
000 since a similar study was conducted in 1955. 
One in every three households in the United 
States had one or wore hunters or fishermen. 
To enjoy these sports they spent $2,360,000,000 
for equipment, such as guns, ammunition, fish- 
ing tackle, and special clothing. Another $560,- 
000,000 was expended for travel, and Lcense 
fees totaled $120,000,000. 

Many peisons enjoy wildlife for aesthetic 
reasons ^y and gain their pkirwe throu^ 
observation and study (Fig. 2). This interest 
provides a market for the makers of photo- 
graphic equipment and supplies, for the binocu- 
lar, field-^ass, and telescope manufacturers, 
the publishers of natural history books, the 
manufacturers of outdoor clothing, and many 
other businesses large and smaO that are de- 
pendent on wildlife resources in part, at least, 
for marketing their services and products. 

IX> E.vrORY OF 
WILDUFE RESOURCES 

TAe fVijt. The first white men to set foot on 
what is now the United States entered a countJ>' 
that abounded wilh wild animals of many kin<h- 
They found in the eastern seaboard areas an 
abundance of white-tailed deer, elk, wild turkey. 
and such smaller animals as ruffed grouse, heath 
hen, and gray squirrel, which provided food m 
qviantiUes. A Lie abundance of fish in the 
streams and natural lakes also provided food for 
those who sought to take them by net. spear- 
poison. and hook. Wild ducks of many kinds- 
geese, and shore birds frequenting the water 
ways during their spring and fafl migrations aod 
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their nesting season afFordwl anollior sotirtv of 
food. Inlabitini; the waten'-a)-? ami \tildemm 
arca^ N^cre fur licarcn such a* beaver, otter, 
fisher, marten, muskrat, and mbrk, >\hose pells 
M-crc shipped tn great numlrers to Eiiropean 
ports in eschajige for goods iwffJrd by the early 
colonists. Also present were Isears, rrmuntain 
lioMs, wolves, srildcats. lesrer prNliloo'aartnals, 
ami rodents, wliicji raided the fterds oflivestock 
and ravished (bo gardens end fiebU of the 
pioneers. 

Under tlicse cundillons, a public attitude 
developed lliat wJdlifc resource* werellniidess. 
tliat they could Iw iitihred fully wndioot restraint 
or roneem for the future, and that wildlife inim- 
kal to the interests of man was to lie eliminated 
li>’ the most effective means at hand. Tbis pat- 
tern of unrestraint was repeated again and again 
aa dviliaation spread westward. When tire Ohio 
Valley WM reached, large numliera of grouse, 
wild pigeon, waterfowl, and the fur* of beuver. 
otter, muskrat, aiul other animals were sent to 
the eastern markets. Tire supply appeared lobe 
limitless. 

Pusliing still farllicr westward, llic pioneer* 
found on the great prairie* and plains in the 
heart of America an aliufidante of grass-fcoding 
animals. American Wson in great droves «»- 
tended as far as a man could see; estimate* of 
their ntunliers ringed from 15,000.000 to more 
than 50.01X1,000. Prong-homed antelope lived 
on the plains in mimlicrs eqvial to, if not greater 
than, the bison. Elk, deer, and small gome in- 
cluding quail, prairie tbicken, and sharp-tailed 
grovivc were present the )Car around. In the 
sloughs, marshes, and waterways, v.ist flocks of 
waterfowl and shore birds congregated. This 
vast ahundince of wiJdbfc was quickly reduced 
by killing for food, sport, and clothing. Crain 
production and grazing also contributed to the 
loss until the re^on is now one of ibejiooTest 
big-game areas in all North America. 

The wilds of the western moutitalns were 
opened and exploited before the vast herds of 
buffalo and antelope had lieen rciluced on the 
plains. Here aninials were fewer but more varied 


titan on ilnr plaint There were elk, rmJe deer, 
Uack and grizzly bear, mountain sheep, moun- 
tain {^oat, svild Itukey, grouse, beaver, many 
kinds of squirrels, and otlier lesser animals, and 
targe predator* such as wolves and mountain 
lions wliercvrr deer herib were found Jii the 
desert regions game was scarce except for trout 
in some of the cold streams which lud their 
source* oiitstrfe the desert area and except for 
vast flocks of w.iterfou) in marsh areas. Aj tlie 
westward expansion readied the Pacific Ocean, 
(he lost remaining virgin populations of wild 
animals were Lipped. Ttie trout of lilgh moun- 
tain streams, the salmon of coastal river*, the 
w-aterfowl nf the Pacific flyway. and the sea 
otter* and seals of Die Pacific coast were rapidly 
exploited. 

The loni'iherf out/ (Ae Sure froni. The heavy 
heel of (jv-ibaalJon rmvhn) deeply into our once 
vast store* of wildbfe resources. Amoug the 
victims of our expansion were the great auk. 
(lie Labrador duck, ihe heath hen. the Carolina 
parrvjuet, the passenger pigeon, the Peaniyi- 
vaoia Uson, several races of the grizzly bear, the 
Audubon big-horn sheep, the big plains wolf, 
die iiig SC .1 mink, the CuQ Island meadow 
mouse, end prolably the Eskimo curlew, arwl 
the Cape Sable seaside sparrow. At the present 
time almut S.’i species of wild animals arc deilin- 
ing or arc in actual dinger of extinction. Ap- 
proximately 100 key deer and 700 tnirnpeter 
swans are known to exist In the United States, 
while the known number of whooping cranes on 
the North American continent Ls less than 30. 

In a few species, the trend lias been revereed. 
Prong-horned antelope, while-tailed deer, fur- 
seals. and egrets ore examples of animals that 
have partially or wholly recovered from low 
population levels. 

No dngic tause can explain the decline of 
all American wildlife. Market hunting was 
probably the chief cause for the deebne of 
grqprjous birds like the passenger pigeon, 
Eskimo curlew, and many species of ducks. 
Passenger pigeons were killed by the thousands 
in their roosts at night. Eskimo curlews were 



killed in great numbers during their spring and 
fall migrations. Ducks and shore bir& were 
killed with specially constructed guns capable 
of bringing do^ra dozens of birds at a rin^ 
shot. The great buffalo herds were decimated 
by hunters seeking the hides for sale or the 
choice parts for food. Many were killed merdy 
for sport. The wbahng. sealing, and fishii^ in- 
dustries accounted for the decline of Bsh, seals, 
whales, and manatees, and fishermen along the 
North Allan be coast were responsible for wiping 
out the colonies of the great auk and the Labra- 
dor duck. Plume hunters nearly caused the es- 
bnetion of the snowy egret and the reddish egret 
and reduced many other species before their 
activibes were outlawed. Aquatic resources 
declined because of the poUution of streams and 
lakes by industrial and mine wastes, raw sewage 
front cities, silt front erodug farm fields, and 
over-ffshlag of some spedes. Dralaing of swamp- 
lands, clearing of forests, and the developmeol 
of grasslands so altered the enviFonment that 
animals unable to adjust to the changes could 
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not survive. Misuse of the land accelerated ero- 
sion and intensified the effects of floods and 
diDu^t. As a consequence, the capacity of the 
soil to support both human and tnldlife popu- 
lations was reduced. These factors are of equal 
or greater importance than the more evident 
ones previously considered (F ig. 3). 

Although the toll of vvildlife that fell before 
the guns, chibs, nets, and traps of man was 
eoormous, not all of it was wasted. Much of the 
kiO was used in helping to meet the food needs 
of a growing nation and in aiding the develop- 
ment of commerce. We must recognize also that 
the vast herds of bison w hich roamed the plains, 
the deer, elk. bear, wild turkey, the grouse of 
the eastern forests and central hardwood regew. 
and the mule deer, panthers, and grizzly bear 
of our western forests could not, even uith 
oompiete protection, cast now under mtenrive 
cultivation and grazing of land necessary to our 
civilization. 

Pteteni TTildlife Resource*. Despite lii* 
decline of many species, the wjdhfe resources 
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of the United Slates are still vast, and some 
species are more plenti/i J tocky than at any time 
in recorded Jiistory, especially on farim and 
ranches. The several races of cottontail rahUls, 
quail, muskrats, field-inliabiting songbirds (Rg. 
4), and introduced game birds (pheasants and 
lltingariaii partridges) Iiave been benefited l>y 
die clearing of the forests and the development 
of meclianized agriculture. More than 60 per- 
cent of the land available for wildlife production 
in the entire United Stales is farm or rantli land.* 
U’e probably now harvest annuity most of the 
surplus crop of upland game, much of whidi 
previously went unharvested for lack of interest 
or need. Some animals are still being overused, 
whereas others arc not utilized sufficienlly to 
keep their numbers within the capacity of their 
environments to support them. Big-gamemam* 
nials such as deer and elk under too rigid protec- 
tion soon overpopulate their range. 

Known tvild vertebrate animaJs total more 
than S5,0CK1 spedes.^ Of these about 16,00(1 are 
&h; S500 are reptiles and smplubians includ- 
ing frogs, toads and salamanders, snakes, lizards 
and turtles; 8600 arc birds (Fig, 5): 3300 are 
inamraals. The North American fauna, espe- 
cially that of the United States, is unusually rich 
In number of species. Even in the intensively 
farmed and higlily industrialized midwestem 
stales, the variety and abundance of wildlife is 
surprising. The Stale of Ohio, for caample. is 
known to have at least 171 kinds of fish, 32fa'nd!.' 
of frogs, toads and salamanders. 39 kinds of 
reptiles, 180 kinds of nesting birds, and at least 
65 kinds of mammals. On a single well-managed 
100-acre farm in the same state, we can expect 
to find 50 to 60 kinds of wild animals totaling 
2(500 to 3(X)0 individuals. 

Farm Wihlli/e. Oiu present wildlife re- 
sources can probably best lie understood by 
considering tlie abundance and variety of ani- 

»]. Paul MilUr »od Bur«e1l B. rowrl!. Carw fl«<( «1U- 
fkr iVurlurl/sn anti VttttsaHi9H on Agnnllurtil Lend, Or. 
cubr No. 03C, I'nilcd SUtw Dqiaitmcnt of AsHniRurr. 
WmWngton, D C., IWS. pp. I-5&. 

s Emil .Mavr, "Tlie Number of Sptem of AcA, 

Vnl. B3. laie, pp. «1-£I9, 



tig. 4 Man* native woodJaod birds, like tlili etileadce, 
Ireve become eecuiiomed to urban areas ant) ultfiro mao. 
made faciUnes for nesting plates They may be found in 
many reddestul distrirta, aa well as In parks and remaining 
natund noMlbnds. Although there are no available staustfa 
on Ihe suhjrtt. It b prohable that more people enj'oy obterv- 
mg wOdlUo of tb» kind Iban parSi<ipating in banting and 
fishhsg. 

mats in relation to the class of land that they 
occupy. Of first importance in this classification 
B farm wilcflife, which provides approximately 
68 percent of the total game- kill.® The prinrip^ 
lands of farm game arc the cottontail rabbit, 
squirreb, bobwhite quail, the ring-necked 
pheasant, and the Hungarian partridge. These 
spedes aruMially provide the bulk of the recrea- 
tional himffog throughout the countiy, Farm 
wildlife also includes many of our songbirds and 
other nongame animals which are enjoyed by 
great numbers of people and such fur bearers as 
opONumi, skunks, and weaseb. Farm game ani- 
snab primarily occupy land owned privately 
and muiaged for profit and are often only a 
I^.piorLjct of farming operations. 

SMdtrriuid Powell. op nI.,p.Z9. 
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As increasiHg areas of famJand are taken over 
for urban purposes the compositioti of the wild- 
life population is subject to changes. Rabbits 
and squirrels may continue to occupy the same 
areas, but as dogs become more numerous as tbe 
urltan area U more closely settled the rabUt 
population diminishes. Squinels may continue 
to be relatively abundant in certain sections of 
a city providing that nut-beaiing trees are abun- 
dant and other liabitat conditions are favorable. 
TJie suburban areas, especially where food is 
provided, may Iiave a variety of birds includuig 
the cardinal, llic mourning dove, robins, the 
mocking birds, and many others dependingon 
the geographical location of the area (Fig- 6). 

Ifildlife of Ihe Forest rtruf Itange. Forest 
and range wildlife includes roost of the Impor- 
tant big-gaiTie animals: « hite-tailed deerfFIg^ 7). 
mule-decr, black-tailcd deer, antelope, and 
black Iwar. Nearly one-half of the total are 
white-tollod deer, onc-haif of which are In east- 
ern stales (Thble 1). Forest and range wildlife 
also Includes wild turkey, sharp-tailed grouse, 
ruffed groase, sage hen, western quail, and gray 
and Ollier stjuirreU. The coyotes, wolves, gray 
foxes, bubcats, and lilack bears that enter tbc fur 
trade come largely from forest and rangeland 
Aldtougli they and the big-game aiimiab ore 
princifolly sjKCies of forest and rangeland, they 
are relatively abundant on land lliat tx used in 
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rig- 7 The Hkileuitml d«er ii the toovi ifnpnrUnt big 
feme t/fliru) In the I'n/led Sitfet They tre hmming 
non abundant in areas rtcenllr retired from agrfrullura) 
nsr. Wbrtv sijth areas border land used tor agnmllure, 
deer damage to rropa frt<|uenlJv reniltv (Photograph bv T. 
E. Good. The Ohio Mate Vnire'rdty.) 


part for agncultural pirpos«. Tltexe areas 
provide oliont 21 percent of ihc total annual 
game kill. 

The ffiWerBwa Refufie. M’ildcmcss widlife 
Includes (hose animals tliat occupy relatively 
remote and inaccessilrle areas like the higfi 
tnotinlain ranges and unexploitcd forested or 
swampy land. They arc greatly restricted tti 
^strifnition and are nowhere abundant. Among 
Ibe l>eller-k»o»7) qsecies arc elk, grizzly l>ear, 
tnoRSe, mountain slieep, mountain goat. Ivory- 
l^ed wxxidpecker, ond trumpeter swan, and 
fudi fur IxvirerF « tbe lynx, Usher, marten, and 
wdvenne. 
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Migratory- Wildlife. Migratory- wildlife in- 
habits all classes of land. It includes most of our 
common song and insectivorous birds and sudi 
game species as shore birds, ducks, geese, and 
doves. /Vlthough providing only about 11 per- 
cent of the total annual game kill, these game 
birds, because of their spectacular migratory 
flights and the national and international pro)^ 
lems involved in their management, often at- 
tract more interest than more abundant spedes. 
Various species of waterfowl nest in the wet 
prairies and marshes of northern United States 
or Canada and winter in the coastal mardies of 
southern United Stales, Mexico, and Central 
America. Thus at least three countries are fre- 
quently involved in the production, protection, 
and utilization of a single mobile resource. Four 
well-established flyway routes are followed by 
these birds in their flints to amd frombceeding 
and wintering grounds: the Atlantic flyvvay 
along the Atlantic coast, the Mississippi flyway 
throu^ the Mississippi Valley, the Central fly- 
w-ay throu^ the Great Plains, and the Padfic 
flyway along the Pacific coast. 

Unless drained, the nesting and wintering 
grounds of waterfowl and shore birds are usu- 
ally of hide or no agricultural or industrial value. 
Many millions of acres of former duck marshes 
have been drained and put to agricultural use. 
with a resultant decline m the area avaifabfe for 
breeding and wintering grounds. 

Hesident .4^Ha(ir f^ldlije. Resident ani- 
mals which inhabit our swamps, marshes, 
sloughs, lakes, ponds, streams, and ditches in- 
clude some of the most important fur-hearing 
animals. To this group belongs the muskrat, 
which is the most remunerative fur bearer in the 
United States. Beaver, mink, otter, and raccoon 
also occupy waterways and, like the muskrat, do 
much of their feeding either along the margins 
of water areas or in the adjacent agricultural 
land. Two of these animals (muskrat and the m- 
troduced nutria) make up two-thirds of the total 
annual fur production in the United States, 
which amounts to about 15,000.000 to 20,000,- 
000 pelts. 
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B VSIC PROBLEMS l.N WILDLIFE 
CONSERVATIO.N 

I’roblemi of Otenerthip. Present concepts of 
ownership and legal title to wJdlife were estab- 
lished during our early history when nearly all 
wild aramals were produced and harvested on 
puhifefy owned land. Now more than 75 pereeot 
of the annual hars'est of game and fur conies 
from privately owned agricultural land. One 
of the basic problems in the management of 
wildlife stems from this change in land owner- 
ship. By common law the states hold wTldli/ein 
trust for all the people, and the people has e the 
ri^t to use wildlife subject only to restriction* 
set up by the states and the federal govetnineoi 
for minatory spedes. Thus the responsibility 
for the welfare of wildlife rests not with wch 
individual but with the govenuneDt which ha* 
practically no opportunity to act beyond hunt' 
ing the itoe and manner in which animals can 
be sought and the number that can be taken. In 
effect, the fovenunenl can enforce regulations 
designed to distribute fairly the wiliSife wop 
among the citizenry, but it can do little direo^ 
to improve the crop aze since it is prodoc™ 
mainly on land in private ownership, pnmarih' 
farms and ranches. 

Farmers and ranchers have the best opp®’" 
tunity to provide for the welfare of wildlife but 
have little or no incentive to do so. The hrtoet 
w bo encourages wildlife production on his U®* 
runs the risk of abuse by rowdy hunters, personal 
inconvenience occasioned by even the mort 
considerate hunter, and dama ge to livestock 
and crops by both hunters and wildlife, v^et b* 
has no greater legal nghl to use the wildlife ^ 
produces than the city sportsman. The o“)' 
means at his disposal to protect himself from lb* 
hunter nuisance is to exercise his trespass ngb^ 
by closiDg his lAnri to hunting, trapping, or “SO" 
ing. A growing number of farm and ranch ope*' 
ators use this means to prohibit hunting on lhe*r 
property. Some farmers charge a nominal 
for hunting privileges. This income often is 
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to assure better proper)’ protection than state 
game and fish law enforcement prowdes. This 
movement has tle\el<qied Iweause the pn)>Iic 
attitude until recently bad not generally s»^ 
ported enforcement of trespass las's adequate 
to afford the farmer the protection to whiAhe 
feels he is entitled. 

Unfortunately many sportsmen still feel that 
holding of a hunting or fishing license entitles 
them to full pursuit of Uieir sport wheres-er they 
may find it as long as they abide by the regula- 
tions pertaining to bag limits, seasons, and legal 
manner of taldng game. 

The problem of wJdlife ownership is further 
complicated by the fact Uiat nearly ^ the slate 
game and fish departments are financed largely 
fay money received from the sale of hunting and 
fislilng licenses. To enforce trespass rij^ifs with 
game protectors or irardens paid from these 
funds would In effect lead to tlie closing of more 
land to hunting and llius to a decline in the num- 
Ins of license-buying hunters. This conflict of 
Interest between sportsmen and landoivners is 
of considerable and increasing importance. 

A paradodcal situation exists m that a crop 
poxfuced by the landowner is widely advertised 
10 the sportsmen by business interests which 
profit from the manufacture and sale of spottuig 
goods or services. 

All hunting licenses sales for continental 
United States increased from nearly 8 nulhon in 
193S to 14.5 million in 195a By 1062 Uie total 
number of licenses sold reached 18 million. 

Tina we liave a growing army of hiinteis and 
fishermen who annually buy more and more 
equipment andseehplaccs where it can be used. 
Economic and social chaises leading to fewer 
working hours, the short workweek, more and 
longer vacations, and better transportation 
facilities h.ive all inllueirced this trend. 

Hunting Pivuiirp. The resulting pressure on 
wildlife and the land is particularly peat in 
heavily populated slates. Twelve states have less 
than 50 acres of total huntable area for cads 
hunting license sold. 

kfoit public designed recreation turds (65 


percent) are open to some form of hunting. Most 
of this land (75 percent) is in the West Tire West 
alst> ha* over 95 percerjl of the public domain 
lands. Altliough most of the public hunting land 
is In the West, most of tlie hunters (8-1 percent) 
are in the ollrer regions. (See Tabic.s 2 aud 2.) 

For the country as a whole, there are only 
alxHit 115 acres of potentially huntable land per 
licensed hunter. 

These data do not take into account tlie many 
thousands of hunters who do not buy licenses, 
such n$ farmers when hunting ou thejr own land, 
exein}Mccl veterans m states granting this privi- 
lege. and local i>eop!e in rural areas in those 
states where hunting law enforcement is tax. 
The lipnes also do not reflect Uie relative 
amount of gome available per unit of area. The 
abundance of game is a direct function of (he 
productiveness of the land, and for this reason 
more game is produced per unit of area In tlie 
Midwest than in the rougher and less fertile parts 
of the country. In few, If any, areas is the supply 
adequate to provide every hunter vvltli all the 
game his license permits him to take. 

In general, hunting pressure is peatest where 
die population is highest, but the percentage of 
the population lliat hunts and fisbes is in inverse 
ratio to population density. This su^esis that 
Uw quality of hunting declines as hunting pres- 
sure increases. 

Although it is becoming increasingly apparent 
that bunting pressure is not the efuef factor 
affecting the abundance of most species of 
wildlife, some species are espedaUy susceptible 
to reduction by Oils means, particularly wilder- 
ness-iuhabiting species and those that are inten- 
sively Dwight because of their superior sporting 
quaUties or high trophy value. 

Waterfowl, too, are subject to drastic popu- 
lation reduction by overshooting because of the 
high-quality spoil they provide anil l.)efause of 
their gregarious and mipatojy liabits. During 
the drou^its of the early 1030’s the North 
American waterfowl population dropped to the 
dangefously low level of 30,000,(X)0 birds. With 
stringent hunting regulations and the return of 
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TaMe 2. ^amb<'r anti Arrrag^e of ^onorlnn Public Dcsi|^atct] Recreation Area* Open to llanting, br 
Loci of GoTcmment and Type of ^lanagtag Agency, Forty-Eight Contiguous States, 1960 


Lnelof 

CocemmenJ and 

Type £>/ Agency 

Amn C^ieii to 
llmiing 

Acreage t^pen /a 
Hunting, in TliotisandsofAatt 

Kumber 

Percent 

ofTbtd 

Acres 

Percent 
of Total 

Federal 

(424) 

(17) 

(16S.818) 

(SS) 

National Park Service 

5 

(*) 

L787 

1 

U.S Forest Senice 

200 

8 

158i)02 

S3 

Fish and ft ildide Senice 

SO 

3 

3590 

2 

Bureau of RecUmation 

16 

1 

124 

(•) 

Corps of Engineers 

U1 

5 

2J15 

I 

Stale 

(2.0it) 

(79) 

(21517) 

(11) 

Park agencies 

223 

9 

SIS 

(•) 

Forest agencies 

360 

11 

15571 

S 

Fish and Wildlife agencies 

1.407 

55 

4.693 

2 

Water development agencies 

4 

(•) 

51 

(*) 

Transportation agencies 

S 

(•) 

4 

(•) 

Special authanUes 

20 

1 

60 

(•) 

Other 

6 

(•) 

20 

(*) 

Local 

(9^ 

(4) 

(2534) 

(1) 

Park agentses 

26 

1 

17 

(•) 

Forest agencies 

35 

1 

2532 


Water devel^meat agencies 

1 

(*) 

_ 

- 

Special atithonoes 

2 

(*) 

2S 

(■) 

Other 

31 

1 


111 

TotaL 45 states 

2A53 

too 

1S9569 

100 


* Lea Oian OA penenL 

[Source: US Outdoor Recreation Resources Ressew Commosioci. Onidtwr Rrcrration for Amenco, A Report to the Pteadeot 
and to the Congress, Study Report I. WashmgtoiX D C,, 196^) 


{a>orable ueatfaer, the waterfot^l population 
rose to about 140.000,000 during ^^'orld War D, 
when hunting pressure was low. 

A rise in duck license sales of a little less than 
a million to a total of neadv 2,5 milboo in 1956 
raised concern lest ducks again be reduced be- 
low the average annual increase and befow the 
carrying capacity of their breeding grounds. 
FoHowing the imposition of more stringent 
bunting legulabons and hi^er fees the number 
of such hcense sales has dropped to pre-19o6 

Pollution, Fortunafefy, lie reproductive 
capacity of most kinds of fish is so great that 


their numbers are seldom seriously depleted by 
ordinary recreational fishing, although com- 
meraa! fishmg reputedly has reduced some once 
abundant fish of both coastal and inland waters. 
Howwer, the rendering of streiins and lakes 
uninhabitable for fish because of pollution is a 
probfem of considerable magnitude. Many of 
our streams are now inhabited only by species of 
fish such as the carp n hich is tolerant of the sew- 
agp the streams cany. 

The chief sources of pollution affecting fishes 
are agricultural chemicals, domestic sewage- 
fndastnaland mine iv^es, and Bne particles of 
sol washed from farms. Oiidatioa of domestic 
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T^lilr 0. Simmar; of Arrrapr of I’ulillr Ijnd 
0{>rn In iliinltnil. I>v nr^-lonv, Fori«>Klght 
OiRtlfr<i»u« >U(r«, !9M> 



rj.tiT Linut (^vn hi llunliae, 
tu Aftti 

tn 

tlnirmiin 

1‘ulJ.r 

tVxruiin 

CVtrtlv 

Total 

-V'Ktlieut 



Hi 

Ain 

.^nrt^ Ctnlwt 

atTrt 


iV 

suti 

Sntilh 

rt.(rfii 

- 

tflTS 

I7.IOS 

Wnl 

iti.'xn 

iiS.32f) 

1,11.1 

snant 

Tulil. 4S ilatn 

IS'l.Vi'l 

US.tiBJ 

3.7W 



[iKinKT- Hi OiliJnir Bnt«Ui>n Revjurcrs R«l»» C«iv- 
Oiifiiji* for Aou^o. A Pcpcnf to (ha 

anl lolKe CnntTrvi. Sl>»tv PT»>rt 


fe\viif>e nltauTti tli? w'atcr-honje ojyg«» ijfcw- 
siuy to Tish life and rctulii in (he production o( 
materials todc to fuili. Industrial and mine pol- 
lution rwultt from tlie empt)ing into IkxIics of 
water of waste products which may poison fidi 
directly or interfere wlh their respiniLlon. thus 
causing death. Minute (jiuintilies of such waste 
material] may I>c suiTicicnt to kill fish directly or 
indirectly hy dcstro)-iiig their food supply. For 
example, phenol, a waste product of plants 
and ml refineries, it toxic to trout at wncentra- 
lioas of hut five ppm of water, and potassium 
cyanide, a waste product of coke ovens, at con- 
centrations as low as 0.1 to 0.3 ppm. Silt bi 
streams covers tip spawning beds and ixMlnni' 
inhabiting organisms which fish feed upon and 
also reduces light penetration liclow tliat neces- 
sary for plant growUi. 

Although some kinds of pollution have l>ecn 
alleviated, (he problem still exists on a large 
scale in many states. Chemicals from coal mines 
in the principal coal-producing stales and the 
wastes that drain into streams from iron, copper, 
load and other mines, and industrial plants have 
made hundreds of streams uninhabitable to fish. 
The treatments iiecessaiy to render poUmicB) 
harmless to animal life are often expensive and 


Imperfectly developed. Fur this reason, many 
stales are slow to enforce pollution-alMtcmcnt 
flieasdres bccniwe {hey fear I<xs.x of im|>ortant 
induslrics to states where {Mlliilbm laws arc Jess 
sttkt. Passage of the federal Water Pollution 
Contnd Art in liWS o|iencd the way for die 
stale! to attack this prohlein cooperatively. The 
effect on fishes of mixieni cJiemicah. csp^ally 
delc^ents and agricultural rtiemiculs tised fur 
Insect, disease, and weed control. Is the suited 
of much controversy. Significant kills of Gdies in 
streams liave resulted from careless use of insec- 
ttddes. and excessive amounts of efetergents in 
streams do tteate unsightly conditions. TJie use 
of these materials spjiftirt to be necessary to our 
economy hut caution in their i»c is also neces- 
sary to protect fisli and other wildlife resources. 

fuiml ti$r. Among other coniUtions alfeclitig 
the wTlfarc of wdiCife are the ovcrgroxliig of 
forested lands and the Imnung, Jioth Jntentlona) 
oful ocndenlal. of forist. range, swamp, and 
other wildlife halitaU. Unwise drainage of vast 
marsh and swampUnd areas has also been a 
factor coutribiiting to the decline of some spe- 
cfa. Tractor-ivmered nimi'en. Jundcrs. com- 
bines. and other farm machinery have greatly 
increased wildlife mortality in crop fields during 
the reprodneUve season. Itoadsidc niowing dur- 
ing ific same penod has also caused severe losses 
The electric fence and effective ueed-killmg 
tUemicails have further aec-clerutcd the removal 
of brushy fence rows wliith often arc the only 
permanent source of wildlife cover on farms. 
Decline in productivity of land due to overcrop- 
ping and erosion has also find a profound elfect 
on reducing wildlife production over Urge arcus 
of formerly good gome lands. 

Ptilific dpoifiy. Prejudice, Iruditiou. niis- 
undetslanding, and selfishness are other impor- 
tant prulilcins in wildlife conservation. Many 
sincere people lacking basic biological knowl- 
e^e btili ding to management of our wildlife re- 
sources Ijy outmoded and biologically uasound 
programs of predator control, bounty payments, 
“vermin-control” campaigns, mpodiiction of 
exotic species, and artificial propagation and re- 
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lease of origmally wild slock. Vociferous minof- 
ities of such uninformed persons someHmes 
prevent state conservation departments from 
putbng sound wildlife conservation programs 
into effect. Some states, for example, continue to 
provide protection to female deer durrog the 
hunting season in the face of overwhelming 
evidence that the herd is becoming too great for 
its food supply. 

Because many state fish and game depart- 
ments are still subject to political maneuvering 
by the party in power, it is expedient for them 
to practice programs of appeasement. However, 
those fish and game departments that operate 
under the guidance of truly non-polibca) cod- 
servation commissions are generally undertak- 
ing farsighted programs of x^dhfe management 
based on sound biological concepts and 
principles. 

Lack of technically trained personnel on the 
staff of conservation agencies is also a problem. 
A tendency to improve this situation by employ- 
ing college-trained men for permanent positions 
carrying moderate salaries has become evident 

JUNAGE^rENT OF WILDUFE 

Three Batlc Concept*. The three basic con- 
cepts on which any sound program of wildlife 
conservation must be built u'cre set forth by 
Gabrielson,® formerly director of the United 
States Fish and Wildlife Service: 

1. Sod, water, forest, and wildlife conserva- 
tion are only parts of one inseparable program 

2. Wildlife must have an environment suited 
to its needs if it is to survive. 

3. Any use that ismade of any ijvjngresource 
must be limited to not more than the annual 
increase if the essential seed stock is to be con- 
tinually available. 

It should be clear horn these concepts that 
wildlife IS primarily a by-product of land use. 

*lni Cabnelson. UlLtli/f CofuerrAfion. New toA. 
JW2. p. «i 


For thfe reason, its management must be inte- 
grated with and largely subordmale to the 
management of land for agncultural, forest, and 
mineral use. Management under these condi- 
tions requires intimate knowledge of the habits 
and living requirements of all forms of wildlife. 

The basic Lving requirements of all wild 
animsls are food, water, cover, and a climate to 
which they are adapted. The particular kind of 
food, water, and cover required by different 
animals is usually a fixed characteristic of each 
species. For example, quail feed primarily on 
seeds of grain and weeds, fruit, and insects, 
whereas many birds such as the w’arblers and 
vireos, feed almost entirely upon insects and 
near relatives of insects. 

Food flequiremertt*. To be adequate, not 
only must the food supply be of the right kind, 
but also it must be availableat all seasons of the 
year and within the dady traveling range of the 
animal. This problem is particularly acute on 
the western range where deer, elk, and antelope 
find abundant food in high mountain ranges 
during the summer months but are often unable 
to secure suffiaent food to ward off starvation 
when dnven by heavy snows to the valleys 
where they must compete for food with domes- 
bc livestock. 

On many of our farms and ranches today 
there is a greater abundance of food nutable 
lor small animals like quaff, pheasant, other 
seed-eating birds, rabbits, ground hogs, and 
ground squirrels than was present when the 
land was covered with forests or unbroken grass- 
land, because of the growing of grain and forage 
crops, which are utffized by these animals- Al- 
thou^ most of these crops are grown for 
domestic purposes, large quantities of waste 
gram, forage plants, and weed seeds are left m 
the ^Ids For example, mechanically harvested 
com fi^ds may contam several bushels of gram 
and a hundred or more pounds of weed seeds 
per acre after harvesting is completed. In such 
areas, lack of cover is frequently the most 
important factor limiting abundance of wJdhfe 
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Coifr The specific covcf 

rtvjuiremciiis of many gnimah arc varj«I end 
complex. Thus the introduced rine-rtcclcd 
pheasant requites for nesting over much of Its 
range open herbaceous cover such as sweet 
clover, alfalfa, and bunch grasses; dense thicket 
cover into which it may escape when pursued 
by natural ettemies; tall cont, small-grain shib- 
blo, or weeds in which it may feed unmolested, 
tv'cedy or thicket roosting cover; and exposed 
ground where it can pick up grit. The common 
bluebirds and wrens of our farms and gardens, 
for example, are limited by the avaibMity of 
such nesting sites as holes in trees and fence 
posts and artUlcially conslnicled bird houses. 

An important aspect of the cover needs of 
wild animals is its distribution in relation to 
aviiilable food and water. To he fully cfTectivc. 
cover must be so distributed that it can be 
utilized during travel to ond from sovjrces of 
food and water and as refuge which can Iw 
quickly reached if an aniiral is threatened with 
attack. 

ffater /fei/Mfrenicnf*. The wrater needs of 
aquatic or semiaquatlc animals like fish, frogs, 
ducks, geese, and swans arc readily apparent. 
Not so apparent, however, are the needs of 
individual species. 

Trout reqiure clear, cool water vwtb high 
oxygen content, whereas bullheads, catfish, and 
carp are tolerant of sdt-Iaden, moderately w-arm 
water. Muskrats are most alAindanl in shallow 
Water in which cattail, bur reed, and other 
aquatic plants grow profusely. M’aterfoHi also 
favor shilow waters where puddle ducks such 
as the mallards obtain food by probing the 
sbiaxDArlsieiv^/AW wdlhihejrbills.andwherc 
fish-eating birds such as die mergansers and 
herons find an abundance of small fish. Nearly 
all species of animals that live in or on bodies of 
Water are dependent upon water that is clean, 
free from taric substances, and sufficienlly rich 
in mineral nutrients to support a high population 
of plants and animals. 

Many terrestrial animals like deer, elk, and 


moose require clear, open water for drinking. 
Others like quail and pheasant are able to lueef 
their water needs from dew and by catingavail- 
able succulent plants and fruits. 

Thealvsencc of siulable water the year around 
is often the most import.-inl factor limiting the 
abunctance of wildlife in areas of low rainfall, 
parbciilarly in marginal areas where an occa- 
sional (Irou^t wipes out populations built up 
during periocb of normal or heavy precipitation. 
Ducks and geese which nest in tlic marshes of 
north central United States and the Prairie 
P/Dvinces of Canada suffer great Josses when 
sudi droughts occur In contrast, wildlife of the 
more hwnid repons sometimes suffers from an 
excess of precipitation, especially when it occurs 
during the nesting season. During such a period, 
the eggsaod young of many ground nesting spe- 
cies b^me chilled from drenching rains or are 
drowned l>y flood waters. 

Coporiiy 10 Jleproiiiice. The biotic potential 
or reproductive rapacity of most lands of wild 
anim^ greatly exceeds the carrying capaaty of 
the environment Uiey occupy. If all lived and 
reproduced, the potenbal progeny from a single 
of adult bobw’hite quail ivould in 3 yean' 
time number at least 1000 indivuliiab. Even 
deer which per year produce but one to three 
young may overpopulate their available range 
lurder suitable conditions; theoretically, a den- 
sity of one pair of adult deer per square mite (&i0 
acres) may in only 15 years result m a population 
of one deer per acre. Although truly phenomenal 
Increases in population occasionally occur, it is 
doubtful if the full biotic potential is ever 
attained under natural conditions. 

Decimating rnciorr. Full attamment of the 
bMic potential of wild animals is prevented in 
part by one or more decimating factors; diseases, 
parasites, predatioo. starvation, accidents, and 
hunting. The importance of each factor varies 
with respect to species, cnvironinenla] condi- 
tions, and human activities, frequently one fac- 
tor oracombination of factors is more important 
than any of the others. Thus ducks are generally 
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more subject to losses from overshooting and 
disease than are raccoon, which suffer from in- 
adequate woodland habitat. Bobwhite quail and 
deer are subject to losses from starvation during 
Severe winters. Because of their nesting in hay 
and grain fields, ring-necked pheasants are sub- 
ject to hi^ mortality from accidental encount- 
ers with mmring machines, grain binders, and 
combines. 

ir7fdJife J/anogemenI Praciice*. The pri- 
mary responsibility of the wildlife technician is 
to determine svhether the decimating and wel- 
fare factors are in proper balance with the needs 
of the species and, if they are not, to devise wajs 
and means of correcting them. This necessitates 
carefully conducted research into the hfe history 
and habits of animals with respect to their nat- 
ural and potential environment Although only 
a beginning has been made in this field of in- 
vesbgatioTi, a considerable body of information 
useful in prescribing guiding principles is now 
avail able. 

negulaitng the L«e of tTitdlife. Since Bib- 
Lcal times, limiting theh^est of wddlife tonot 
more than the annual increase has been recog- 
nized as a management measure. This is the 
fundamental purpose of aQ hunting laws and 
other rcgulatiom restricting the use of wHd 
aztimah the world over. To accomplish this pur- 
pose, various methods have been employed 
ranging from simple tribal taboos a^ost dis- 
turbing the female during flie breeding season 
to the complex regulations in force in the United 
States at the present time. Althou^ regulatioRS 
vary greatly from state to state, all are largely 
based upon limiting the period when animals 
can be taken to the nonbreeding season (open 
season); limiting the length of tone during whidi 
they can be taken (length of season}; limiting 
the number that can be taken in a day (daily bag 
iwa.’Jj'Awdie JAaasivv/srascwiaglisftitA And«g- 
ulating the manner in which they can be taken 
(restricting caliber and load of gun, preventing 
use of decoys, bait, ferrets, fire, snares, netSvamJ 
dynamite). 

All states now require separate licenses fo» 


hunting and fishing or a combined license for 
both sports. Some states require special Lcenses 
of commercial fisbennen, LVe-bait dealers, fur 
dealers, and ^me-farm operators. In some stales 
scientific coflectois and ta-xidermists also are 
required to have permits. 

Tlie federal government is responsible for 
fixing regulations protecting nu’gratoiy species 
of wddlife and requires the purchase of a federal 
duck stamp for hunting waterfowl. The United 
States has entered into infernationaJ treaties for 
the protection of migratory species of wildlife. 
One of the most important federal laws proteef- 
ii^ the welfare of wildlife is the Lacey Act of 
1900, prohibiting both the importation of any 
foteign wild animal without approval of the 
Department of Agriculture and the interstate 
shipment of the dead bodies of illegally killed 
wad animals. The latter provision virtually 
ended the market hunting of wildlife and the 
wild-btrd feather trade which were theatening 
extenninatioD of many species. Federal protec- 
tion of migratory species is authorized under the 
hbgratofy Bird Treaty Act of 1918, whleh re- 
placed the Migratory Bird Act of 1913. 

PreJaior Control. Destruction of anlmah 
that prey upon game spedes and domestic live- 
stock has long been a duty of private game man- 
agers and of public employees charged with the 
welfare of wildlife. Many state game-law en- 
forcement oScers spend much of their time 
killing hawks, owls, crows, foxes, coyotes, and 
other predatory animals in the belief that the 
welfare of desirable species ts thus promolfd. 
Some states encourage the destruebon of pred- 
ators by paying bounties for each animal tilled. 

Scientists have accumulated convincing e'"'- 
dence that these efforts not only fail somebines 
to promote the welfare of wildlife generally 
but may actually be harmful. For example- 
dsfin,vixs of pwKfcAsw ttss Asspvwtant ron- 
tributing factor in the increase of the Kaibab 
deer herd m Arizona to the point where it ex- 
hausted the available food supply resuJbng lo 
starvation of much of the heri senous damage 
to young trees, and decline in the capacity of 
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the range to support future deer populations. 

Unforttinatel/, our Juwwledge of pwy- 
predator relationships is not adequate for a satis- 
factory solution of the many problems involved 
in this controversial subject It is common 
knowledge that predatory animals do kill many 
desirable species. It is also well known to biolo- 
gists that a limited amount of predation may be 
lieneGrial to some kinds of wildlife by killing off 
diseased individuals, by preventing ovenJopu- 
lations, by encouraging wariness, and by holding 
in check less valuable species that may compete 
with desirable animals for food, shelter, and 
water. Effective predator control should be 
directed only at tiiose species and tliose indi- 
vidual animals actually known to be doing hann. 

Arlifieiut fVopogalidri mid Introduction 
of Exoite S{ie<:ief. Since historic limes, man has 
licen Interested in erode animals and has at- 
tempted to substitute them for native animals 
displaced his occupancy of their environ- 
ment. Of the many attempts to introduce exotic 
game species into this country, only the intro- 
duction of the ring-necked pheasant and the 
Hungarian partridge can be termed successful. 
Althou^ the ring-necked pheasant has declined 
somewhat, it seems to be a permanent addition 
to tlie farmland of the nation particularly in the 
Midwest, the northern Great Plains, and parts of 
the Pacific Northwest. Filling with foreign intro- 
ductions gaps left by declimng native species 
does not appear to present a very promising 
solution to the problem. 

Insomebutaoces, foreign introductionrbave 
caused considerable harm and unexpected 
displacement of native spedes. The European 
starling and the English sparrow, introduced to 
control certain injurious insects, not only have 
failed in that misrion, but also have become a 
pest of city and country ahke where they occupy 
nesting sites of bluebirds, woodpeckers, and 
other hole-nesting birds. The common caip, 
introduced as a food fish, roil the water in many 
of our lakes and streams making the habitat un- 
suitable for other species. 

Closely alUed to the introduction of exobc 


game animals are attempts to increase by arti- 
ficial propagation their numbers and that of 
native species (Fig. 8). In the United States it 
has tieen used l>otii to secure exotic or native 
slock for estalihshing new areas or replenishing 
areas thou^t to be overshot or overfished and 
to supply stock for bird-dog field trials, for com- 
mercid hunting and fishing preserves, and for 
sale as food. Many state conservation depart- 
ments operate one or more game and fish fanns 
and spend as much as one-fourth or more of their 
total Income for this purpose. Eing-nccked 
pheasants and native quail are the game birds 
generally raised for stocking purposes. Trout, 
several kinds of bass, blueplls. wBUe)'es, and a 
number of other fish are commonly reared in 
artificial ponds for restoddng. Most of these are 
planted in natural bodies of water as fiy (re- 
cenOy hatched fish) or fingerlings (fish with one 
season’s growth). Some states attempt to provide 
public fidiing by slocking streams with 
hatcheiy-rcar^ adult fish. 

Artificial propagation, particularly of upland 
game species, is an expensive way of providing 
public recreation. Artifiaal stocking of fish is 
usually practical only in new bodies of water. 
Unfortunately, much of the artificially reared 
game and fish are released In already adequately 
stocked areas or in areas not adapted to occu- 
pancy by the species released. For many yean, 
artificially reared ring-necked pheasants were 
distnbuted equally in all Ohio counties in re- 
sponse to demands hy local sportsmen groups. 
Despite these repeated plantings, huntable 
populations of pheasants have developed only in 
the intenrively farmed, glaciated parts of that 
state. A similar approach to stocking fish has 
been followed in many states. Millions of fry and 
fingeriing fish have been stocked in waters to 
wbich they were not adapted or in waters al- 
ready overpopulated with adapted species. 

tTitdlife /Vcjerre* and Rejiifie*. A few 
states, l^nsylvania and Michigan for example, 
have Set aside large areas of publicly owned 
land for pubhc shooting grounds; many states 
have also accimred and developed lake sites to 




Fig. 8 Allbeugh the pnctice if utihcial pr«pagatioD cod relraje of ’’{ame animab" at a gam 
(OBiugenieDt meature it generally dLSrtedited by w3<)lif« biologttu, atniom of twtH aojmab are 
rabed and rdeaaed aaoually in the Cnited Sulea. Rareooo, bob oh^e <(uajt, nng-oeelrd pheuanU, 
and black and mallard ducks are ainoog the kinds artibcially raised. This photograph shoas a poT' 
b'oa of the rpiait rcariog p^u of a hfid.ttest Fish and Conie f>eparbnenL 


provide public Eshing waters. Some extensive and conservation departments because they feat 
preservesin this country areprivatelyiMVBedby that it wtB restnet bunting privileges to those 
wealthy persons or by clubs Ssith exclusive with belter than as’erage incomes. Landownf** 

memberships. Frequently these areas encom- in general, however, have organized paid huat- 

piass the finest hunting territory, such as the tag preser\-es more for protection from hunter 
Lake Erie marshes «-hich are largely controlled abu^ than for profit The fees charged amount 
by gun dubs for waterfowl shooting. Various to but a few cents per acre of himtable land 

^sterns of leasing eicluave hunting rights on Unblce preserves, refuges are developed pri- 
farms m the best hunting areas have also become manly for wildlife preservation Their history 

popular This practice has been deveb m the United States is of comparatively recent 

oped m the southern and southeasiem states ongin, although a few such private areas were 

and is gaining headway in the good pheasant probably in existence when the first official 

hunting areas of the Com Belt refuge was authorized by the California Jeg^" 

The development of any system of paid hunt- lature in the 1869-1870 session. The first federal 

ing has been opposed by organized sportsmen wildlife refuge was established by presidentid 
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order on March 17. I9(X3, ivJien Pelican Island 
in Indian lUver, near the cast coast of Florida, 
w-as set aside for the protection of a waning 
popubtion of brown pelicans. 

Under the dynamic leadership of Theodore 
lloosevelt. Gilford Pinchot, E. W. Nelson, 
William T. Homaday and, more recently. Jay 
N. Darling. Aldo Leopold, and other conserva- 
tionists, the refuge movement has so developed 
that the United States lias the greatest v.'fldtife 
refuge ^stem In the world. 272 federal wildlife 
refuges, aggregating 17,409,968 acres in con- 
tinental United States and Alaska. The greatest 
number of areas (184) is for protection of migra- 
tory waterfowl, more than Iialf of the land 
(10,601,264 acres in sixteen tracts) has been 
acquired for big game. Other purposes of federal 
refuges are the protection of nongame Innls 
that nest in large colonies, ivildlife in general, 
and research. 

The states, too, have developed a system of 
wUiUife refuges, although the intent has often 
been to preserve breeding stock of huntable 
species to establish on adjacent overshot areas. 
This has proved to be a most useful management 
method to maintain bimtable popubtions of 
game in areas of intense hunting pressure but 
it is practical for only a few species such as 
waterfowl, deer, and pheasant, whidi are able 
to spread out quickly into the surrounding tem- 
tory, are tolerant of crowding, and can be 
maintained on cheap land 

Two outstanding private waterfowl refuges 
are the Andrew Clark Refuge at Santa Barbara. 
California, and tlie W, H. Kellogg Bud Sanc- 
tuary at Battle Creek, Michigan. Other refuges 
of outstanding importance are Lake Merritt 
maintained by the city of Oakland in California, 
Hawk Mountain Sanctuary in Penn^lvania. 
Bird City at Avery Islind in Louisiana, and the 
extensive system of refuges maintained by the 
National Audubon Society. Tlie most important 
of the btter group are located in Florida with 
eight refuges and in Terns with seventeen ref- 
uges where colonies, chiefly of herons and tlnses, 
are protected. 


Manapfment of F<h» 1, Corer, and ITh/er. 
The forgoing wildlife managemeiit measures 
are dcs^pied to control those factors that ded- 
mate wildlife populations. Except in relation to 
refuges, they have little to do with providing 
the food, water, and cover necessary for tliese 
acumals to live and reproduce. The wise solution 
of thb problem is tlie key to the future recrea- 
tional use of the wildlife resources of our farms 
and nuictres. 

A partial solution to tlie problem lies in the 
fact that good soil, water, and forest conserva- 
tion contribute greatly to the welfare of wildlife. 
Permanent resers'Oirs developed for farm and 
ranch water supplies, for flood control, and for 
urban use also provide water for flsh, waterfowl, 
and the many animals that inhabit streams, lake 
margins, and the shallow Jnnges of impounded 
waters (Fig 9). Only profitable forest manage- 
ment can assure the future of (he farm woodlot, 
which IS the permanent home of much (arm 
wildlife and the safe retreat of other kinds. Alt 
these measures are vital to the economic seciuity 
of the farmer and rancher, and they are earned 
out because it is profitable to do so. 

Foitiinately a vast program of soil and water 
conservation has already been initiated on the 
iiahon's farms under the leadership of the 
Umted Slates Soil Conservation Service Thrs 
agency, working through locally organized soil 
conservation districts and witli the aid of the 
stale agncultural e.rtension programs, has 
helped tboasands of farmers and ranchers to 
conserve and restore their soil and svater and 
to make their woodlots more productive. As 
these practices are extended, wildhfe will ben- 
efit proportionately. 

Additional measures are needed, however, 
to devek^ fuhy the potential wildlife produc- 
tivity of land in agricultiual ownership. But 
other measures of considerable value to wild- 
life will probably not lie carried out on a signifi- 
cant setde unless it becomes profitable for (he 
farmer to undertake them or unless he is safe- 
guarded against the inconvenience and abuse 
that often attend hunting on his land. 
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According to estiniates made by the Soil Con- 
servation Ser\'ice, at least 100,000.000 acres of 
land in continental United States are best 
adapted to wildlife use, of which at least 33.000,- 
000 acres are in farms and ranches. About one- 
half of this area is now making its manmum con- 
tribution to wJdlife and will continue to do so 
if It is not disturbed by Ere, grazing, orcultis-a- 
tion. The remaitung area, in need of some im- 
provement to make it fully productive includes 
6,500,000 acres suited for marsh management, 
1,000,000 acres of ponds. 1,000,000 acres of 
streambanks, 3,000,000 acres of crop-field bor- 
ders, 6,000,000 acres of oddly shaped fields un- 
suited to other uses, and 250,000 acres of spoil 
banks resulting from variotis surface mining 
operations, t® 

Careful management of the wildlife areas on 
■^EdwudH, Cnham, T7i« Land ond tViUb/iv New T«cL 
1«7. p. 52 


the nation's farms can establish the ID 

sary to hold a wildlife population a 
utilize fuDy the food supply that ^ . y,.yj 

duced as an incidental by-produ 
mechanized agriculture. Such areas 
land on farms that can be 
solely for wildlife. They offer 
tunity for providing the three p. 

factors of food, water, and shelter 

gelher with control of the unpor^ -cucces^ 

factors, are the building stones of any 
wildlife conservabon program. jjr 

Management of food, water, an 
equally important on other lands 
to be benefited. Timber a pul^ 

pie, is given first considerahon on ^ 

and private forested land, yet m ppjplo)'*^ 
timber management practices can 
to increase materially forest- wildlue p ^ ^ ^ 
These modificabons include the lea o 
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trees for squirrels, raccoons, and other tree- 
tlw’ellj'ngaiumals, tJie favoring of desirable see<l- 
or fniit-producing trees, the selective or pou|>- 
harvest method of cutting timber to provide a 
variety of forest growth froni small seedlings to 
large trees, and the leaving of open areas in 
reforestation projects for the securing of miied 
Stands of natural growth and planted trees 
(Fig. 10). 

WILDLIFE CONSrit>.\TION pnOGRAMS 
.AND RESPONSimUTIES 

Tlie development of a sound national prev 
gram of wddlife conservation is dependent on 
three basic steps: 

Z. An adequate research program to estab- 
lish the status of important wildlife species, 
their needs, and measures necessary for their 
contirmed welfare under predicted use. 

2> An educational program to acquaint the 
citizenry svith the basic needs of wildlife and 
with the biohigical, social, and economic prob- 
lems involved in its use and to train adequate 
personnel to adminuter and msnage this re- 
source. 

3. An action program to provide tlie food. 
Water, cover, and protection from decimation 
needed by wildlife. 

Wildlife management is now a well-estab- 
liibed profession for which at least fifty-three 
colleges and universities tn the United States 
offer training at eillier the undergraduate or 
graduate level or both. 

The states through their divisions of con- 
servatwj fiv »7ldljfi? managesjifDt pur- 

poses the annual revenue from sole of fidiing 
and hunting licen.scs. A survey conducted m 
J9B1 indicates tlial over $120,(X)0,000 annuaDy 
collected from such sales. This amount is sup- 
plemented by federal appropriations to the 
states from an eadse tax or aims and ammuni- 
tion and sport fishing equipment. In recent 
3 'cars Uiese funds have averaged $20,000,000 
per year. Approximately 30 percent of this 
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amoiint w expended for research, 30 percent for 
development projects, 35 percent for land ac- 
quisition, and 5 percent for edministrabon of 
the futtd. 

The United States Fish and Wildlife Service 
is the federal agericy charged with responsibility 
lor migratory species of wildlife and the federal 
wilditfe reftige program. It conducts important 
wildbfe researches in fields ordinarily untouched 
by slate and private institutions. It also partici- 
fotesmacoopefstit'e rasearcA prvg/a/n iprti the 
American Wddhfe Management losbtute. stale 
universities, and state divisions of conservabon. 

Other federal agenries play a leading part In 
the managenient of wildlife resources. Of these, 
the National Park Service and the Forest Service 
worit entirely on public land, whereas the Soil 
Conservation Service through its techmeians 
devriops programs for wjldhfe restoration on 
farms managed for sod and water conservation. 
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Among llic many private organizations that 
contrifnite to the welfare of wildlife are Ihc 
National Audubon Society, tlie Wildlife Man* 
agemcnl Institute, the National Wildlife Fwl- 
erafion, the Sport Fishing Institute, and the 
Izoak Walton League of America. These and 
other agencies carry on the educational wotk 
of informing tlie general public of isiIdljfeprol»- 
Icms and act as the watchdogs of governmental 
activities which affect llie wcll-lwing of our 
wildlife resources. 

SUMMARY 

Wildlife is a renewable resource which is 
subject to management by man. Tlic basic ner^s 
of wild animals are ader]iialc food, water, and 
cover to meet their spcciRc requirements and 
protection from decimating factors which re- 
duce their numbers. Hiese needs can tie met 
only by proper nunagement of the land upon 
which they live and by control of such decimat- 
ing factors as overhunting. 


Although many species formerly common or 
alnindant are now rare, the esthetic value of 
tliosc remaining is great. Public demand for 
recrcalioful asc of wildlife exerts enormous 
pressure on the supply and in some species 
necessitates complete protection and drastic 
restrictions on the use of otliers to ensure their 
welfare. 

Most of die recreational use of wildlife is 
provided liy agricultural land where llie proper 
incentives for adopling practices Ixmcficial to 
wiliDde are often UcLing. Widespread applica- 
tion of soil and water conservation practices 
may in part fulfill this need. Where these meas- 
ures are lol feasible or atlerpiale. odier induce- 
ments rmwi lie provided if wildlife production is 
to be maintain^ at n lu^i population level 

Considerable advancement has lieen made 
in the field of viitdhfe nunagement. Further 
progress is dependent on continual research and 
sound educational and action programs unham- 
pered by political interference and the clamor 
of uninformed or selfish pressure groups. 
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CHAPTER 19 

Fisheries for the Future 


Tho general American attitude toward fisheries 
hss l^n that of a pioneer society attuned to an 
era of plenty. The easygoing assumption lltat 
man can never exhaust the bounty of the oceans 
left nature svilh the entire responsibility for die 
renewal and sometimes the survival of a re- 
source, The comfortable concept “/usi leave it 
to nature" oiled for neltlicr care nor restraint 
on the port of fishermen and the public at large. 

Until recently the scientists have lacked pre- 
cise data concerning most types of underwater 
life. Marine biology advanced Jn rpite of handi- 
caps. some of them physical and others eco. 
nomic. It was well info the twentieth century 
liefore much was known concerning the alum- 
dance, habits, gro's-th, reproduction, and migia* 
lion of the more valuable food fisli. Biologists 
end oceanographers have gradiuUy developed 
ingenious methods of marine invYsti^tion; 
their continued research on problems of Bdi 
populations is now filling in the gaps wiUt exact 
data of great value. 

Although the scientists have been developing 
neiv techniques for fisheries research, the com- 
mercial operaton have not been idle. Deep-sea 
fishing has become big business, using the best 
equipment tliat engineering and electronics can 


devbe, irtcluding powerful trawlers with & wide 
cruising radiiu, edio-sounders and other fish 
finders, behcopters for spotting, detailed maps 
of the best txmks. and numerous iraprovemeota 
In gear.’ Given ample fish populations the 
mounting efiicicncy of the operators has been 
little short of spectacular. £^ch technical ad- 
vance has speeded production, but It has also 
intensified pressure upon the stock. 

Marine biolo^sts and resource economists 
think of fisheries in terms of production for use, 
a world Uislncss worthy of intensive study, and 
one readily responsive to calculated manage- 
ment. Tliey are sympathetic to present returns 
for the fishermen but not at expense of 
stability for the future. In planning for the long 
pull th^ have been deeply concerned over 
public apathy and witii the need for continued 
research. 

I'ltmruingrHIcirnc]’ of GJJnggeu it one of Iheemlwr. 
Bomniti of edjnlnlUralon chtijed willi coDieniCion of Ibe 
moumt. tlieir problem involvn * lUhcrr airreil]’ loo io- 
tense (or ptnper mtniigeincnt end maslmam piofltt. ipereu- 
Ing effidmer of gear ■ . , odtls lo Die strain on the resource, 
locesng the eiirUnmcnl of Rsliing periods lo llse point n here 
ccsnsonsica] operation brcoinas Impossible,'' Teorfsooi, Pacifie 
Fisherman, 190.1, 
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Ftshenes are perhaps tbe most poorly managed of aB 
our national resources. Legislative regulations . . . are 
piecemeal, localized and often based on lay 
superstition or snap judgment ... Vet there is a scfenise 
of fishery conservation, which is hi^y specialized and 
eicact ... It more than pays for itself in Increased value 
and secunty of wealth which it strives to protect. 
Nevertheless, federal and state conservation agencies 
have everywhere been required to do their fishery con- 
servation work on a financial shoestring * 

liegianal Surrey o/ United States Fisheries. 
With a maximum of shallow continental-shelf 
waters in addition to bays, river mouths, and 
many coastal indentations, tbe United States has 
an ideal setting for a large and valuable fishery. 
It also has a greater variety of fish than any other 
nation. The North Atlantic and the North Paci- 
fic, with their warm and cold currents in dose 
proximity, are natural planlcton f eedmg grounds. 
With the enlargement of the (ist of varieties used 
for food, the value of these well-stocked waters 
has steady increased. Tbe annual catch exceeds 
5,000,000.000 pounds for which the fishermen 
are paid about $360,000,000. ^^'he^ the fish are 
fresh-frozen, filleted, smoked, canned, dried, 
salted, pickled, or otherwise packaged and pre- 
pared for final consumpdoo, the value of tbe 
catch is far above this figure (Table 1). 

^UoTicl A. Walfoid, ftfhcry Besourcet ^ /he VniledStatee 
o/ Amfncw Wuhington, D C, latS, p. 131. 


New England, the oldest commercial fishing 
center in America, traditionally regards the cod 
as its most characteristic food fish, although it is 
now outranked by at least six other varieties. 
This historic fish has fluctuated from year to 
year; an increasing proportion of it now enters 
the fresh trade rather than the dried or salt Gdi 
trade. Speedy and efficient trawfen have in- 
creased the catdi of ocean perch, flounder, and 
haddock, tbe last named now tbe leading food 
fish of the Atlantic seaboard. Lobsters, caught 
chiefly along the coast of Maine, lead all shellfish 
in value, followed by scallops and clams. The 
New En^and market catch includes some sixty 
separate species — a wider range of commercial 
fish than is taken in any comparable area of tbe 
United States. 

The many tidewater bays, inlets, and sunken 
rivers of tbe Middle Atlantic states areespeclaDy 
suitable for shellfish, including oysters, crabs, 
and clams. Chesapeake Bay in particular is 
famous for its extensive public and private oyster 
beds, the latter now in the lead; two-thirds of 
the United States oyster production comes from 
Chesapeake Bay alone. A so-called scrap fish, 
fneahaden, is caught in purse seines along the 
mid-Atlantic and Cull coasts; taken to the extent 
of 1 miUion tons in 1962, it is processed into oil, 
meal, and fertilizer. It has great potential use in 
the future as a low-cost fish protem concentrate. 


Tjble 1. FUlieri«% Production Reponr, 1963 


Ttfglon 

Utlltom 

ofOoBurs 

Percentage 
of Total 

MiHiwu 
of Pounds 

Percentage 
of Total 

New England and Middle Adantic 

8S8 

23 

1,347 

2S 

Chesape^e 

Z9.4 

8 

403 

9 

South Atlantic 

19 4 

5 

370 

S 

Gulf 

985 

20 

1,387 

29 

Alaska 

489 

13 

378 

8 

Washington and Oregon 

293 

6 

209 

4 

Califaniia 

500 

13 

515 

n 

Great Lakes and Mississippi River 

11.6 

3 

129 

3 

Hawaii 

20 

i 

12 

- 



100 

4,750 

100 


ISoutce E. A. Power, ruhmri of the United Stain. 1863. Dnrten ot Resourws Developnicnl, Depaftment of ihe lnlen<*. 
Wsihlngton. D a. tWl 1 
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an additive to the diet of nndemowrished popu- 
latiorrt. 

In the GnU of Mcjiico from Key AV’est to the 
Rio Grande, slirimp trawling is the most profit- 
able single fishing activity. In the United States 
as a whole it has l>ccome a $70,000,000 indnsliy. 
Other fisheries of the South Atlantic coast and 
the Gulf include mullet, sheepshead, and Utc 
hJf^ify migratory red snapper, as welt as oysters 
and cral)S. 

Tlie Great Lalces have a limited list of food 
fishes, the more valtiahic I>dng yeBow’ perrh, 
diiilw, and whitefisli. Tfie Misstulppi River sys- 
tem. even more limited than the Great (.ahes, 
markets almost entirely catfish, buffalo, and 
carp. 

In the ISSO's salmon were almost the only fish 
taken eommcrdally on the West coast. Despite 
present*day diversificaHon the .salmon, nosv 
valued at $50,000,000 annually, is still the 
American favorite; an increasing proportion of 
the catch now goes to market fresh. Its neatest 
rival, the warmth-loving tuna, lias a much 
greater svorld rangeand is taken in many waters 
by deep-sea trawlen. Canning tends to be cen- 
tered in San Pedro and San Diego: the California 
tuna pack of 75,000 cases in 1012 had increased 
to 9,CKX),000 in 19G3. The two great food staples, 
salmon and tuna, together account for well over 
two-thirds of the total Pacific Coast fishery — 
$128,000,000 in 1963. 

Other leading West coast varieties include 
bottom fish such as halibut from the carefully 
conserved stocks ol die North Pacific as svell as 
various types of flounder or sole. TWo-lhirds 
of the Americsn mackerel supply now «unes 
from waters off California. Shellfish Include the 
Dungeness crab from coastal waters of the 
Northwest and the deep-water king crab from 
Alaska; since 1950 the litter fishery has been 
expanding steadily. The Pacific oyster, grown 
from seed originally imported from Japan, is 
kept up by annual imports of fresh seed. It h 
entirely under private cultivation in certairr 
shallow tidal bays, an example of successful aqui- 
culture. 


Eip/oil<rf««n and Dcptellan in Aliantie 
Ifatfrt. In colonial d})'s salmon were plentifid 
from Uic Hudson River os far north as Labrador; 
they were a staple food taken in large quantities 
during the annual nm and used both fresh and 
salletL Today only a few rivers such as the 
Penol>«<ot and others in Maine have appred- 
alile runs, and the Atlantic salmon b regarded as 
a sports iUh. with hatclicries in New England 
trying to increase the slock. The Atlantic halibut 
is still regarded as commercial, but is now far 
below Its former prorJuction. 

Atlantic cod have been taken in quantity for 
two or UiTce centuries w^tjlout exhausting the 
stocks, but sUUstlcol records show that present- 
day caUbes are far below those of the past. The 
old-fashioned schooner and liandline fishing 
from dories produced £9-i,000,000 pounds of 
cod in ISSO. Today with the addition of the 
latest and most effidenl devices, the annual cod 
catch b 42.000,000 pouneb. Atlantic macketel 
are still plentiful, but have been subject to wide 
fluctuations in abundance (Table 2). 

A dassic example of nilldess exploitation Is 
the giant sturgeon of the Atlantic seaboard; m 
Qtesapeake Bay it was slaiightcretl indiscrimi- 
nately for tile roe, the bodies lieing left to decay 
along the shore. A few sturgeon are still taken 
from New England to the Gulf, but the species 
b in danger of extinction. New England b now 
oiwketing only one-half as much lobster as in 
1890. Alarmed by die decline of thb choice sea 
product, several New England states adopted 
size-limit laws, and present lolister stocks seem 
to be holding their own. Since 1952 the Atlantic 
mackerel catch has declined to a fraction of its 
former size. Runs of river herring have been re- 
duced by dams and other obstructions impeding 
access to former spawning grounds, Croaker and 
weakfish liave declined in abundance along the 
Atlantic coast. 

Decline In the Great Lakes and Interiar 
Dirert. Great Lakes fisheries reached their 
Id^iest levek early in the century, svith produc- 
tion decreasing steadily after 1920. The U.S. 
Fish and WUdlife Service has published a long 
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Table 2. Fisheries of ihe United Suiea, 1963 


Tub 

TTiousa ru£> 
o/ Ddttan 

Tiunaands 
of Rnuntb 

Shnmp 

70,000 

240,300 

Salmon 

49,000 

279,000 

Tuna 

41.600 

319,810 

Oysters 

25,800 

^600 

Crabs 

23,400 

213.S0O 

Menhaden 

21,900 

1.7&0>000 

Lobsters 

18,300 

34.600 

Flounders 

11,900 

125.200 

Haddock 

11,700 

123,900 

Scallops 

9.600 

20500 

Habbut 

7,300 

45500 

Catfish* 

6.178 

37.619 

Clams 

5,400 

47.400 

Ocean percli 

5.100 

103500 

Red snapper 

3,600 

13500 

Cod (Atlantic) 

3.100 

42.000 

Sewp Of Poigy 

3.100 

42500 

Mackerel 

2300 

133.600 

MuSel 

2300 

41,900 

\\hiting 

2300 

42500 

Oiubs* 

2.128 

16516 

Bufialofish* 

1,913 

18508 

Hemng 

1,900 

1S350O 

Striped Bass 

1300 

9500 

Shad* 

1343 

7256 

Rockfish> 

1.137 

24.882 

Carp* 

W7 

30593 


‘lOfS 

>1961 

[Source. E. A. Power. Fidwrkt ef the Un(Cn( Sum. iSO. 
Divtitoo of ResDorce Development, Department ef the Inte- 
linr. NSashlngton. D C.. l‘J6f ] 


list of fishes once plentiful in the five lakes hut 
which are declining. ha\e become commercially 
insignificant, or are thou^l to be extinct. Stur- 
geon and blue pike, once common in the mar- 
kets, arc seldom seen and waHeje have been 
greatly reduced More important, the formerfy 
plentifu] favorites, lake trout and whitefish. are 
scarce and high-priced, they have been replaced 
by cheaper varieties such as chulis, ycDow 
perch, lake herring, and introduced species such 
as smelt 


The debacle in lake trout landings, down from 
10 million pounds in 1^10 to one-third of a mil- 
lioa in 1961, was caused by the depradations of a 
parante, the sea lamprey which invaded the 
three hpper lakes. Here the fishkill came close 
to eatcrminating lake trout and reduced white- 
fish abundance to an unprofitable level for 
operatore.^ 

After thousands of tests fishery biologists in 
l^S announced the dl.scovery of chemical com- 
pounds whidi were "lethal to lamprey larvae" 
but haimless to other fishes and animals. Lam- 
prey-iidested streams tributary to the lakes are 
being successfully treated with this larvicide. 
Ten years or even five years ago . . . the sea Umprey 
bad destroyed or reduced to low levels the choice 
spe<^ of Lake Huron and Lake Michigan and wu 
•'‘*kii>g rapid iomads on the lake trout of Lake Superior 
• . - "'e isow have a control method. Its effectjvenet* 
u-as demonstrated m 1962 when the number* «f tea 
lampreys in spawning nms were reduced to a mere 
14 percent of the 396J figure.* 

Fish hatcheries are now providing btmdreds ef 
thousands of yearling lake trout for restocIdn| 
purpose and in time Lnkes Superior, Huron, and 
Michigan should be restored to a good level of 
abund^c«. Canada has been cooperating m 
trout rearing and planting. 

Ovtriishing has not been as persistent in the 
Great Lakes as in many other regions. Lake 
Huron whitefish in the 1930's were badly deci- 
mated by a new and ruinously efficient typed 
gear, the deep-trap net; it was prohibited after 
the fishery showed signs of collapse- Declines of 
lake slocks, in gener^, are more directly related 
to parasites or to pollution. Tlie three upper 
lakes (with the exception of southern Lake 
Michigan) arc relatively uncontaminated. Lake 
Erie, however, is nmmed by factoncs and 




Ilf. I tlaXorrUmitreabigMyprlifJflwrU indcematcfddAiiwryiftAVuhinflon, Orrgon.UMl 
Atuka. Dug by b«>d <( low tide tb« clean ere dropped /Ma « nirf net etuchtd h the beJt. 
nwvy hwtdi on llte tfoeb reniHod {a regtdtboo obkh now bteluJe the Vmiti, b*g limits, 
an annual quota, and a curtailed season. OVaslilagloo Stale Dtpertiiwfd ef FUbrrts.) 


crowded cibes Crom die Detroit lUver uound Ihe sluggish and prolific German carp, intro* 
its western and southern shores. It is the shal* duced into Amencan waters tn 1877 
Jowest of the kJ-es and receives an ever-lncreas- Dcclinet in Pacific Coast /VocfircTion. Faced 
ing burden of domestic and industrial effluents with a sharp decline in the great salmon runs 
detrimental to Esh life. and the possible exbnetion of the hahhut re- 

Also heavfly industrialized, the Ohio Biver source, the tVest coast interests have been quick 

system can be eliminated from fishery con- to accept drastic remedial measures for the 

sidcratJon. The interior lakes and rivers have major fisheries. Both salmon and halibut still 

liecn overeiqilaited. Catfish and buffalo have face major problems. The diminishing stock of 

Survived in the Missusippi, but valuable native razor clams In Wasliington has necessitated size 

game fish, such as the black bass, striped bass. limits, quotas, and restricted seasons (Fig. 1 and 

percli, and crappie, have declined. They have Fig. 2). Oregon has adopted measures (or the 

been replaced in quantity but not in quaKty by conservation of dow. petrale, and Englah sole. 


Flg.2 Tr^nEtlntbeprotiuctibn 
of razor clamz, 1930-1963. In 
ipUrofconttoMheproduction 

his docUoed itndilr ovrr the £ 
part IS year*. The cotuervi- ■„ 

Uonbt Is coiKYRm) lest tlieruor § 
elitn become ■ vanishing re- a 
lource. (ir.s. Fish and tVJ<afe ^ 
ScrvIee,Fishrrleto/«he irntled 
SMfei. 1953.) 





420 


Coiucn-ition of Natural Resources 


Herring, abaJone, spiny lobster, shrimp, and 
white sea bass, to mention only a few, have be- 
come problem fisheries on the West coast, suH- 
jecl to varying degrees of regulation. 

Biologists had been concerned about the 
intensity of sardine fishing in California waters. 
In 19-17 this hitherto infallible fish failed to ap- 
pear in its usual enormous numbers off Monterey 
and San Francisca Alarmed by the disappear- 
ance of sardines, the industry asked the Cali- 
fornia legislature for large appropriations to 
study Oie problem. 

Although the sdentific investigation was in 
process the runs continued to decline. Former 
landings had reached 600,000 tons of fish de- 
livered to the canneries at ^(onterey and San 
Pedro, and record packs of 5,000,000 cases. As 
recently as 1958 the California sardine pack was 
2,338,000 cases. In 1963 the fishermen caught a 
bare 1000 tons, the pack making an all-tfmelow 
of 30,100 cases. Cannery Row at Monterey was 
wholly inoperative. 

Shad of the Ai(antlc Seaboard, me sms'c 
SHAD AUN. This hi^y prized commercial as well 
as game fish has be^ caught in nearly every 
river along the Atlantic littoral from Florida to 
Newfoundland, but it is most abundant from the 
Caralinas to Long Island Sound. In cotoaial 
days Chesapeake Bay and the riven tributary 
to it had enormous runs each spring; early set- 
tlers along the Delaware and the Hudson also 
caught shad by the thousands. Like the salmon, 
it is anadromous, with a life cycle that iocdudes 
both salt and fresh water. Juveniles hatched in 
Atlantic nvers spend their first summer in fredi 
water, attain a size of 3 to 5 mches. and then 
migrate to the ocean. ^Vhen 3 to 5 years old, 
adult shad return to the parent stream to spawn. 

DECLINE IN ABUND.SNCE. So SCVerC WCTC the 
inroads upon the shad populaDon that as early 
as 1S60 there was a marked decluie in the catch. 
Seines and gil nets at nver mouths sometunes 
cut off entire runs, the level of replacement 
dropping sharply. Water supply and power 
dai^ eliminated many spawning svateis and in 
flie late nineteenth century hatcheries be^n 


artificial propagation, planting millions of larvae 
in streams where runs had licen decimated. The 
decline continued, the Atlantic slad catch of 
50,000.000 pounds in 1900 dropping to its pres- 
ent 6,200,000 pounds. 

Piecemeal measures in individual states hav- 
ing made little progress, the Fish and Wildlife 
Service was asked to take over the problem. In 
1938 it Initiated the Atlantic Coast Shad Inves- 
tigation, a full-scale research project to (1) 
d^erroine the causes of the decline and (2) male 
recommendations for better future manage- 
ment. The Investigation found three major 
causes of the persistent shad decline: overfishing 
which cut off escapement of spawning adults; 
the widespread elimination of upstream spawn- 
ing areas by power dams; and, perhaps most 
serious of ail. the pollution of Atlantic coastal 
rivers by industrial and urban wastes. 

THE A2HABILTTAT10.V PROBLESI. Using the lo- 
vestigation findings sofne progress has been 
made toward improving the shad situation. 
Regulations for a larger annual escapement of 
spawning adults have begun to show results. In 
the Hudson and the Connecticut rivers shad 
fishing at a moderate rather i>>an an ercessive 
rate has increased the runs. On the St. Johns 
River m tourist-minded Florida the sports and 
commercial fishermen in 1958 were permitted 
to take only 27 percent of a shad run estimated 
at over one million. Larger escapements are be- 
coming standard policy for Atlantic shad 
streams. 

A few spawning areas are being opened. On 
the Connecticut River, the major shad stream of 
New En^and, a fish passage device at one dam 
permits spawning adults to enter 34 miles of 
waters blocked for the previous 100 years, suc- 
cessful reproduetjon and returns ^ve been 
secured here 

The Susquehanna River, 444 miles in length 
from New York state via Pennsylvania wid 
Maryland to Chesapeake Bay, is obstructed by 
four Wge power dams The three states are 
asking the power companies to provide fishways 
wUedt will open many miles of the nver to shad 
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migration and reprodiicHon. The companies 
sgrerd cm a stirvey to deti-rmine the suiLtiMbty 
of the river, between and alxive the dams, for 
the support of shad populations.^ 

The pollution problem it less hojjeful, al- 
though certain of the smaller rivers may be de- 
contaminated in lime. The Delaware River has 
sliown the most drastic dedine in shad, 90 per- 
cent between IS90 and 1950, here the Fish and 
Wildlife Service recommends tliat munidpab- 
ties as well as industries dean up Ihelr etcessive 
pollution of Delaware Bay. Revived spawning 
runs in most of the eastern riven are largely de- 
pendent on the ability of the states to change 
wa-ste disposal practices— not a hopeful prospect 
In heavily tiidiuitraliaed and densely populated 
areas. 

Oyiler ileds of Chewptake and Di'latrart 
flay*. TWthlrds of tlie nation's oyster produc- 
tion comes from Cliesapcake and Delaware Bays 
where the many river estuaries cut deeply into 
low coastal plains. Here depth, temperature, 
and salinity of waten provide optimum condi- 
tions for shellfish. Tlie entire output was once 
tOQgcd or dredged from public oyster grounds 
open to everyone The shift has been from pubbe 
irresponsibility to private respomilxbly. In 
Virginia, largest single producer, three-quarters 
of the landings are now from private oyster beds, 
planted on public grounds once u'orJeed out, and 
abandoned, now leased to planters. The present 
trend is toward more private cultivation, better 
management, and hi^er Kttirns per unit of 
effort. 

Oyster alnmdance in the Chesapeake-Deta- 
ware area has declined steadily In recent years, 
and the annual crop is now only one-quarter 
what it was in the early 1900's. Overdred^ng of 
public oyster beds has made many of them un- 
profitable to work. In Delaware Bay an epidemic 

VTJus nse»d> p/ojert begun w 1863 u Biunced t^r Ihe 
t>«w«r cmtipiniw. Elfsfn nutlrao shad froni the Cotinp- 
bca ttisvr wese dosm east and |ilaoted Gcpertmenlall^ abssw 
die danu. resulting in a good lialcli- Con.ttruct]i>n of the 
projecled Siu<tuehantia fishways w^i sfepend on the Snal 
rnulu at die survey. 


disease whidi began in 1057 wiped out virtually 
aU i>ysters. This disaster spread to bwer Chesa- 
peake Bay wlierc it reduced production on both 
public and private beds. The disease has since 
traned and the depleted tireas are being re- 
stocked. Parasites and predators, poor setting of 
spat, and various man-made changes in tlic 
environment haw also contributed to lower 
yields. Although few seed oysters are planted in 
ptiblic beds, the State of Maryland lias begun a 
program for possible rehabtbtaUon of Its public 
grounds. Cooperative researcli projects by fed- 
eral, slate, and private agencies are directed 
toward disease, setting, predators, and artificial 
ailture. 

The pc^uUon problem remains and, os in 
the ca»s of shad, the fishery may be forced to 
retreat Expanding industries and agglomerated 
populatimis along the Delaware are hazardous 
for shellfish dependent on uncontaminated 
waters. Unless condJlbns can be improved In 
the near future oyster growing must of necessity 
abandon the Delaware. Fortunately, Chesa- 
peake Bay sbl) lias extensive stretches of estua- 
rine waters where oysters can be grown safely 
and profitably. 

PAanC SALMON 

The Salmi/n of the North Pacific. TUB 
ANNUAL SALkfoN auN. Every spring and summer 
the rivers of the Pacific, from California to the 
Bering Sea. are the scene of one of the ivorld's 
most spectacular fish runs. Millions of salmon 
appear at the river mouths, swarm across the 
bars, and move steaddy upstream. Most rapids 
and waterfalls are no deterrent. A long run of a 
thousand miles up the Columbia to the head- 
waters of the Salmon River in Idaho generally 
begins u> March or Apnl. The short runs of 
Vancouver Island, where the spawning bed.s 
may be «ily a Sew hours from salt water, may 
not begin until late in the autumn. The salmon 
reach the original stream or lake where they 
wen hatched several years before. Scooping 
out a shallow nest they deposit and fertiltte the 
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egP*. then cover tliem v.iUi a layer of protecting 
gravel. Pacific salmon lake no food after leasing 
salt Haler. Spent by the Journey and Ibe final 
act of reproduction, the parents lie quietly in 
eddies and die w'thin a short time. 

The eggs generally Iwlch In alwut 2 rnonths. 
the fry emerging from llic gravel in the spring. 
Depending upon species the joung salmon re- 
main several montlis, sometimes os long as 3 
years, in fresh water liefare beginning their trip 
to the ocean. Hie sall-svalcr phase of their life 
cycle lasts from 2 to 6 years, again depending on 
the variety of s.dinon. Over 05 percent of their 
growtli is tnadc In the sea. In recent years salmon 
biolopsls have discovered the main routes of 
migration, llie major marine leedinf’ anti itvnery 
areas, and the general abundance and distnliu- 
bon of salmon in tlic sea. As a resuft of tagging 
and exlensts-e high-swa sampling, the gener^ 
stocks of both Asiatic and American salmon have 
been identified end foIIoHed in their ocean 
wandering. 

THE scLSiON PACK. Wlien adult salmon Kach 
the coasts prior to the annual span-ning nm, 
they are in prime condition. Packing plants are 
located from soudiem Oregon to western 
Alaska, usually near river mouths. The average 
annual salmon pack for the United States a^ 
Alaska over a period of 25 years, 1918 to 1943, 
exceeded 6,01^.000 cases (48 pounds to the 
case), but in Che 19^-1963 decade, it declined 
to an annual average of 3,460,000 cases. Inaddi- 
tion to canned salmon several million pounds 
are marketed fresh, frozen, smoked, and mild- 
cured. 

SPECIES OF SArjfO.v. Fivc species of salmon 
are indigenous to Pacific waters. Sockeye or red 
salmon, weighing4 to 10 pounds, have long been 
the favorite. The great Chinook or kingsalmm, 
averaging over 20 pounds and sometimes weigh- 
ing up to 100, are sold fresh as well as canned. 
Sdver or cobo arc less popular lor canning be- 
cause of their L^ter-coiored flesh Pink or 
humpback salmon, wei^ng 3 to 5 pounds, are 
the most plentiful, particularly in southeastern 
Alaska where they have suppLed over three- 


foiirllis of the pack to date. Clmm or keta, pale 
In color but high in nutritive value, are also a 
standard cannery Hem. 

DECUNE OF wxvr COAST BUSS. Salmon can- 
ning fiegon on tfie Sacramento River fu I65f. 
The runs at dial time were eacellent, and the 
pack Increased to 200.000 cases in 18S2, tlien 
droppeil stcochly until it disappeared. The de- 
cline was caused, first, by oxerfishing to llie 
point where the adult escapement was insuffi- 
clrot to replenWi the slock and second, by 
power and irrigation dams. 

Salmon canning along tiie sinaff coastal riven 
of northern California, Orejjm. and Washington 
reached a peak of alwut 250.000 cases in 1911. 
the 1903 pack in the same areas was only 2300 
cases. The Cohunbla River, a steady producer 
for 90 years, reached its maximum of 629,000 
cases in 1883. Since Uien the teeming sockeye 
runs of the Columbia have shrunk to a fraction 
of their former sire. The total pack for all vsrw* 
ties on the Columbia was 82,1^ cases in 1063. 

The Puget Sound area has the richest salmon 
waters within the United States; canning started 
here in 1877 and reached its maximum in 1913 
with 2,500,000 cases. Minimum output for « 
52-year period occurred in 1914 with 38,950 
cases, the 10-year average pack. 1054-1963. 
was 476.000 cases. 

n>e steady deebne of salmon in the conti- 
nental United States was obscured by the rapid 
rise of Alaskan fislung, which was more than 
sufficient to keep up die total supply. 

The Alatf,an Salmon TltheWea. size oFTiffi 
CA^•Nn«; iNDUTTBY. The salmon fishenes of 
Alaska located along 10,000 miJes of coast line 
are one of the richest natural resources of the 
North Pacific. Caught during their summer runs, 
the salmon are largely processed in local can- 
nenes, the pack being valued at 70 to 90 million 
dollars annually. 

■Die first salrnon cannery m the far north was 
estaUished in 1878, and by 1888 the Alaskan 
pack exceeded that of the Columbia Bi'cr- 
More and more canneries vvere established to 
take advantage of the seemingly mexhausshle 
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stipplyj under the stimulus of wartime prices 
production reached 6,677,000 cases in 191S. 
During the ensuing decade, it dropped to an 
average of 4.500,000 cases per year, then began 
to increase, reaching an all-time peak of 8,4W,- 
000 cases In 1900. Since then it has decreased 
gradually to 2.72,7.0W1 in 1063. 

DECREASE IN SAlAlON ABUNDANCE. Cutthroat 
competition was rife among early canncrs in the 
territory and legisblion enacted by Congress for 
salmon protection svas not effective. Some 
streams were blocked so completely by traps 
tliat few fish readied the spawning Ireds. and 
there was apprehcasion lest the Alaskan fish- 
eries follow the Allantio salmon industry into 
oblivion. Behind the scenes there was astrug^e 
between interests In favor of unrestrained oper- 
ations and fishery experts who pointed out the 
necessity of restriedons If the industry was lobe 
preserve. After many years of controieny the 
>Vlille Act was passed by Congress in 19^1; it 
gave the Bureau of Fisheries (now the Fish and 
NVildlife Service} supervtsfoti and enforcement 
powers over all Alaskan fishing. 

UNITED STATES FlSU AND WiLnUFE SERVICE. 
Under the control aiul management of the 
Service new proerdures and regulations were 
established, Inrhulmg a 50 percent escapement 
for all salmon entering Alxskan rivers. In addi- 
tion to collecting much In'ological data, the en- 
forcement of spawning escapement was dele- 
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gated to the Service. When the evidence 
indicated that a given river had been overfished 
it could be dosed entirely; any area which had 
regained Its former levd might be reopenesl. 
Under these flexible regulations, the Alaskan 
fishery was stabilized at a profitablelevel includ- 
ing a mVmnwBn of itAcrf crence with commercial 
operators. 

fn spite of well-pLuuied administrative poli- 
cies sdnum stocks and production declined 
steadily following the hi^i year of 1936. It 
dropped from 7 million coses to 5 million, finally 
reaching a production figure less than half that 
of 25 years ago. Believing that escapement liad 
been evaded under the salmon trap system, 
which b diflicxdl to enforce, the Service out- 
lawed traps entirely in 195S. Under statehood 
the following year the Service stepped out of the 
picture, the supervision and regulation of 
fidieries passing to the new Aiwkan Departrrtmt 
of Fish and Game. There is a reluctant feeling in 
Alaska that firmer meaLSiires must be taken if the 
industry is to lie sav-ed (Fig 3}. 

One of the major problem areas has been 
Bristol Day where catches of salmon of all 
species are taken, but it is liest known for its 
long-time production of sockeye. These gener- 
ally mature Jn a S-ycar cycle, bsit there are also 
4-year cycle runs. For 2 yean straight, 1963 and 
IfkM. the sockeye runs have fieen the poorest 
in history, locally disastrous. Fisheries scientists 



tl«. 3 Tout ALuia Mlmoo produdint. ISSt «« t9fi3. All 6*« of lalmon Mn in 
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have been unable to account for the declines in 
the red salmon stocks, or even to forecast Ibem 
accurately. Fortunately, southern Alaska with 
big runs of pinks has made the Alaskan salmon 
situation less dismal (Fig. 4 and Fig. 5). 

Salmon Prohlemt in Canatia anti the 
United Slates: Puget Sound and the Fraser 
Rirer. All species of salmon are caught in Puget 
Sound, but the sockeye is regarded as the most 
important, althou^ runs of pink salmon have 
sometimes been more valuable. Sockcye enter- 
ing the Sound are largely migrants on their way 
to the Fraser Kiver basin of British Columbia, 
which is wcU supplied with suitable spawning 
lakes and headwaters. Poor spawning in the 
upper Fraser is generally reBected in a poor 
catch 4 years liter. On their way through P^gel 
Sound to the Fraser sockeye were formerly ex- 
posed to an array of cannery traps, to numerous 
pune seiners clustered around the entrance to 
the Strait of Juan de Fuca and the Culf of 
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Ccorga, and to gill nets in the mouth of the 
Fraser. 

Since both Canada and the United Stales had 
a vital stake in the imperiled Fraser runs, a 
treaty was proposed in 1907. Passed by the 
Canadian Parliament, the measure was defeated 
ui the United States Senate. During the foUow- 
ing 30 years, two similar treaties were approved 
hf Canada but held up by certain American 
interests. 

SOCKEYE SAUfON’ TREATY. It WaS nOt Until 
1937 that a revised treaty was ratified by both 
countries. By this time ruthless overfishing and 
poor escapement had reduced sockeye runs foa 
point where drastic rehabilitation was necessaiy. 
The treaty provided for an Inlernah'onal Pacific 
Salmon Fisheries Commission, with three repre- 
sentatives from each country. 

The CbntmissioD b euipowered to lavefOgite d* 
lutunl history of the socleye ulaon of tlM Frver 
Rn«f, hatclifly methods, spawning ground conditloDS 
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the cost to be borne jointly. The research staff of 
the Commission began its investigation in 1938 
and studied socheye salmon through tsvo com- 
plete cycles lasting 6 years. With the data ob- 
tained the Commission drew up the necessaiy 
control measures. 

FLUCTUATION I.N THE SAL.MON BUNS. Both the 
American and the Canadian pack of Fraser- 
spasvned sockeye was for many years dq)endent 
on a “big-year" c)xle. that fa, 1901-190^1909- 
1913, and three lesser rum in the interznediate 
years. Tomasevich says: 

A mistake made in the exploitation of the sockeye 
salmon fishery of the Fraser River system . . . was the 
exploitation of the “off year'* runs with the same (or 
gr^er) intensity as those of the “Wg >ear.“ The con- 
sequence was the overfishing of these runs instead of 
letting more spawning fi.sh escape with a view to 
gradi^y building up these runs to the end, posably 
io the hml of the btg-year nuu.' 

ROCKSUOE AT itcLL's CATE. During the build- 
ing of a railroad through the Fraser River canyon 
In 1913, a rochslide was dumped into the narrow 
channel at Hell’s Cate. The stoppage was so 
complete that most of the soeVeye escapement 
of that )’ear cut off from the spawning tales 
and streams of the upper Fraser bann and 
perished below the blockade. As a resulC the 
socleye pad of 1917 dropped to 500,000 ca.ses. 

nsItWATS FOB A LABCEB ESCAPEME-NT. ReCOg- 
niring the Hell's Gate blockade as a permanent 
obstacle, the Commission decided on a per- 
manent remedy — concrete Eshways on both 
sides of the canyon to facilitate passage through 
the narrows at unfavorable stages of the nver. 
The year construction liegan, 1943. the pack of 
Fraser-spawned salmon sank to 51,000 cases, 
the lowest figure in 50 years. 

TV'jlh both fishways in operation in 1946 
salmon in adequate numbers reached the spawn- 
ing beds of the upper Fraser and Lake Quesnal 
The escapement in 19t5 and 1946 was approsi- 
matcly four (tecs as large as in the previous 
cycle years of 1941 and 1942. Productive talcs 

rjoap Tocnaft^Scti, ifUrvtuirkmal on Conom 

ralw of Uarmt Keoonrm. Slanfod. CaUoraia, IBA 


and streams where salmon had been practically 
cstinct were restocked tvith fingeriings reared 
in hatcheries. Many years of restricted catches 
and generous spawning escapements have been 
part of the rehabilitation plan which has stabi- 
lized both the sockeye and pink salmon stocks. 

As a major contribution to practical salmon 
culture the International Commission (IPSFC) 
has developed an effective basis for forecasting 
runs in advance. Because of the yean salmon 
spend in ocean depths, such a forecast is difficult 
to iiiake. It was given a conclusive test on Fraser 
River sockeye. Based on the great parent year of 
1958. the obvious expectation was for a huge 
run of sockeye in 1962. Using two lines ofe«- 
dence the Commission scientists concluded that 
the ocean survival of this class had been poor. 
Their estimate, made well in advance, was for 
a run of 4 m^on fish, far below norma! es- 
pectancy,- this forecast proved correct as base 
many others since then. 

Joint Canadian-American planoing for the 
future of the Fraser includes greatly impro'eJ 
access to spawning grounds, and the opening of 
many adthtional areas, now barren or only 
slightly used. An active construction program h 
in process (1964) to provide still hi^er and 
more efficient fishways which wjU permit in- 
bound salmon to reach their home waters at any 
stage of the river. Potential spawTiiog or rearing 
grounds include such eatemive bodies of bedi 
water as Harrison, Francois, and Kamloops 
lales. By opening many square miles of now 
barren s^mon waters the Commission belie'"** 
that the Fraser system can become the world* 
most podueb'-e salmon river. 

CONFUCT OF LVTEREST — POWEB OA'« 

■niE coLUSiBtA. Included m the problem of 
salmon conservation on the Columbia are two 
^gantic dams, Bonneville and Grand Coulee- 
eatdi faijher than any obstacle previously 
mounted by anadromous fish. The 30-foot Ro^ 
Island dam on the middle Columbia is equipped 
with fish Udders which provide passage for 
salmon on their way to the spawning ground*- 
The 55-foot BonnevBle Dam on the lowe* 
Cotumbia has a system of fish ladders and kxl* 
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by which salmon can be raised lo Ihe upper 
level. We BonneviDe feh-ways have prer^ 
successful, spawning salmon having reatfy ac- 
cess to tributary waters. 

The 550-foot Grand Coulee Darn on the mid- 
dle Columbia, however, is an inipassaMe ob- 
stacle, Since it is economically Impracticable 
to convey fish over a barrier of this height, 
salmon runs are completely blocked at this 
point. It is estimated that 1100 linear miles of 
spawning streams in the upper Columbia basin 
of \Vashington, Idaho, and British Cedumbia 
were lost. To counteract partially this reduction 
a large federal hatchery with acres of rearing 
pools has been built at Leavenworth, Washing- 
ton. Adult sahnoa on their return journey lothe 
upper Columbia are Intercepted at Rock Island 
Dam, stripped of their eggs, and the eggs ferti- 
lized, Salmon were taken by tank truck to suit- 
able planting areu In understocked rivers 
tnbutary to the Columbia lielow Grand Coulee 
Dam— -streams snch as the Wenatchee, Oka- 
nogan, Entiat, and Methow; the last two ore now 
supplied by hatcheries of their own. Augmented 
runs and artificial propa^lion have bwme a 
permanent part of sustained spawning stocks. 

CONSERVATION OF PACIFIC IIAUBUT 

One of the most popular food fishes in Amer- 
ica is the halilnit. liiis great deep-sea flounder, 
dark on its upper or right side, white on the left 
or underside, early txiame one of the slapJetof 


the Atlantic coast fish trade. After the inaugura- 
twn of fast tran-sconfinental rail service between 
Riget Sound and the East coast, the first ship- 
ment of halibut was made from Tacoma in ISSS; 
since the turn of tlie century Pacific halibut 
have been a major factor in the eastern market. 
Once landed to Uie extent of 14,000.000 pounds 
per year, Atlantic halibut have been heavily 
ovetfidied, decreasing to about 2S5,000 pounds 
annuaOy. In the United States the production 
ratio of Pacific to Atlantic hahbut is now ap- 
proaching 100 to I. 

We Paeijie Ifalibut Cafeb. "Ihe Pacific hali- 
but bants follow the continental shelf from 
northern Califomia to the Bering Sea (Fig. 6). 
Halibut are caught on long bottom seUincs 
which are strung with a series of shorter lines 
baited with herruig or octopus; a unit of gear of 
this sort, called a “skate,” is usually set at depths 
varying from 35 to 200 fathoms. Large and well- 
equipped vessels with considerable cruising 
radius operate in (he Gulf of Alaska and on both 
sidesofthe Alaska Peninsula; these larger vessels 
carry fifty or more skates of gear, and smaller 
ones which fish hallnit in the coastal waters of 
the Uirited States and Canada carry 20 to 25. 
The Industry is in the hands of American and 
Canadian fishermen, with Seattle, Vancouver, 
Prince Rupert, and Ketchikan as the principal 
base pons and shipp'ng centers. Cleaned, iced, 
and landed at one of tlie Northwest ports, half- 
liul readi United States markets fresh or 
frozen (Table 3}. 


Talit« 3. Llnited ?um bbJ CanudUa Catrbrs fit Ilaliliul b; Rrpiliiiory Arras 
(Thousuids of Rmnib) 



Arm 1 




Arras 3.A. 3R. Nortb, 3B 


AU Arras 






N. Trwnf/e and 3RS 




Vftir 

I'.S. 

U.S 

Canada 

Tnwf 

U.S. 

Canaria 

Tolot’ 

V.S. 

Canada 

Total 

tail 

923 

14,600 

7,018 

21.027 

20.907 

TtS 

21,672 

36.4.10 

7.7S3 

44.222 

1901 

270 

15,755 

13.003 

28,849 

21.039 

16,373 

40.412 

4aoos 

20.466 

eOASl 

1902 

312 

14.4SO 

14.183 

2-8,663 

25,554 

2a490 

45,144 

40.446 

3-».e73 

75.119 

1903 

210 

n.Rtt 

14,208 

2S.S1I 

22.430 

22.7TB 

4t.736 

3ljli3 

36.084 

71^27 


■ Dors not indiKle 3, (WO OtO pounds l»lm by Jspan In Area 3» NsHtfa Tiwi^r In IWQ. 
[fairer- Inlcn.Bticdul Pacific ttabbul CoinmlS5lan.| 
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cjipansion were reached, and. with a greatly 
increased fidung fleet at worj,. three definite 
evidences of depletion began to appear. 

1. Despite increased fishing the annual catch 
was declining on tfic soutliern grounds, whicli 
had Iwen worked longest and hardest. 

2. Tlic proportion of rnaturc fish brought to 
ntatket was decreasing, a larger sliarc of each 
c-atch consisting of “chicken" or small, imma- 
ture halilout. 

3. Tlic catch per skate or unit of gear had 
declined anti was continuing to deciirw at an 
alarming rate. 

Tulernalionol Paeijic llaUhul Commhiion. 
Although the normal amount of fish continued 
to reach the market, fisliery experts pointed out 
the ixLsfc tutsounJness of the situation and (he 
possibility that the Pacific banks were faced witli 
a dedifw similar to that of the Atlantic The 
authorities, both in the United States and in 
Ctuiadi, were convinced (hat this slbtation 
could not continue indefinitely wntliout destroy- 
ing the Pacific hidil«it fisheries or reducing them 
to insignificance. 

Tlic Ifttematjonol Padfie IlaLbut Commis- 
sion was created in 1924 wnlh a rocml'ership of 
tsvo Ainericaas and two Canadians and was 
given authority to mvcsbgate and recoroniend 
couservatjon measunM. Comprehensive surveys 
of the Ixuiks were made, using chaitereil fishing 
vessels, niousard-s of fisli were caugfit, meas- 
ured. ta^jed with a metal dip and nftwroed to 
the water. Uy offering a Ixnmty for eacli lathed 
fish caught, tliey obtained recoveries and infor- 
mation on as high as 40 percent of the fidi 
tcleavcd. There vvtTe iLvtiiict populations of 
liahixit, ca Jj living. spawTiing. and dying wjlhin 
its own area with little migration lielween areas; 
a iJcplctcrl area was iinldcly to !><■ rcriotked 
from an adjoining one. Artificial propagation of 
such a deep sea fish Ls Impracticable; it is also 
impossiWc (ofontro! the ffxxl supply or cfwniies 

of the fivli. Each stock had to lie m.maged so that 

the catch from it wxmld \x fully balanced In 
natural propagation and growlli. 


LirE HISTORY OF THE HALIBUT. Accurate data 
concerning spawning liahits and early growth 
of any demersal fish are hard to obtain. The 
Commission research staff .spent several uanters 
in the Gwlf of Alaska and off the Alaska Penin- 
sula to build up a complete history of the Pacific 
halibut. 

The mature fish gather in schools to spavni 
along Uic edge of the continental shelf during 
the winter season. December to March. Tlie 
North Pacific eapeditian took quantities of ej^ 
as well as baby halibut, plotting their location 
and later miction to decjier water — 50 to 100 
fathoms. Ifalibut usually spend their entire life 
In or near one Uink, Imt after pialuritymovc 
aliout freely within ft. With these data in liand, 
rt was possible to make recommendations for 
control and restumtion. 

BfcuiATOuv siEAsuRES AFFUED. A treaty 
giving the Commission authority over the hali- 
but fisheries was signed by Canada and the 
Uruted States m 1930. lb mam regulatory meas- 
utes included 

I Tlie division of the fLvhing grounds into 
several separate areas which are regulated sc|>a- 
ntely: in J964 six areas were used (Pig. 0). 

2. The appflesrion of annual catch YimUs to 
be raised or lowereil at the discretion of the 
Commission Originally set at 40,000.000 
pounds (dressed. lica.ds«ff wei^t}, the limits 
lave been gradually increased. 

3. The closure of each area when its eatdi 
bmit has Iieen taken. In 19.12, the first ye.or of 
irgulation, llie fishing season lasted a fidl 9 
months until the closed winter season inter- 
venesL 

4. Tlie creation of nursery' areas where fish- 
ing IS rntiiefy pTOhn*H«L 

CAMFAics or EDUCATION. In esercising its 
new enforocment povsers the Commission held 
and holds tumicroits public hearings open to 
alt — fishmnerc large- and smoU-lxul owners, 
and the wltolcsalers who handle the slupment of 
fresh and frozen fwh. Tlic research staff iiiaiign- 
nted a cumpaign of edneatkin. demonstrating 
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ihc fact4 of depiction by means of maps, charts, 
and grapfis, and stressing the need for rcgtdatinn 
and restoration of llie Rsfiery to its former posi- 
tion. with as little restriction as possible on 
individual fidiing riglils. 

Tlie restrictions adopted were so successful 
that the United States Fish and ^Vlldllfe Service 
stated in its 19.'J3 rqwrt: 

Tlie prartit'alnlity of liic Commliston'i irpiLillimt 
Involving divivioil of tlie ctjiiv-etUion wiiten Into arras. 
Umitlng llie rattli from each area, hcemlrig of vrsvelt 
for the tulilnil fiviicry, cuIlK-tion of slalhlirs of alnn- 
tljncc and locality of cajitiire, modiScalloti of tbectuveti 
season, and doang of nursery grounds has hren saliv 
factonly proved. 

nrrvnv to a tiicn uevtx or ABi’VDVNcr, As 
a result of some 40 years of concerted cfToft. llie 
North Pacific halibut Eshery has Ireeome tlie 
oiitstancbng world example of rchabiUtation and 
sound inaiugement. In 1961 the catch had risen 
to 69 iTullion penmds; in 19G2 it reached 75 mil- 
lion, the largest in its history; and in 1963 it w-as 
71 Tnillion. The dedication of a scientific staff 
plus firm regulation and control have been 
largely responsible. 

in the Ireginning ft tooV a full 9 montlis to fill 
llie limit, then 44,000,000 pouncU. Tlie mucb 
hi^er catches of the present are taken in vary- 
ing periods in each area, but generally within a 
season of 100 days — a great economy of time 
and effort. Today fewr halilnit fishermen uxiuld 
care to return to the cutUiroat cximpeUtionof 
the I920's. Production stabilized at a hi^ level 
gives them immediate profits as well as an as- 
sured future. 

Pre$$ure from Oitirr A'ofions. The high 
productivity of the revived halibut grounds 
adjacent to Alaska has not escaped the notice 
of other fishing nations, both Japan and (he 
USSR operate large fleets in Bering Sea. Under 
tlie 1953 North Pacific treaty with the United 
States sad Canada, Japan bad a^ved ta sbstaia 
from participahon in the halibut fishery, but in 
1962 pressed hard for rights m east Bering Sea. 
Participahon w^ approved, the United States. 
Canada, and Japan sharing the 1963 catch in the 


newly establislicd Nortli Triangle area. They 
(ooL (he quota of II million pounds. Japan's 
stiare amenmting to 3 6 million pounds; a year 
later llicy were tmablc to fill a much smaller 
allotment and the Commission has ruled that 
(beTrian'^e lias been overfished. Here the three 
governments face a rehabilitation task of some 
magiutiule. Area 2 lias also shown signs of de- 
cline and itc aiinud catch figure has l>een 
lowered. 

At the present stage any additional pressure 
from cMittide fisliing fleets miglil easily upset 
the present Inlancc in haliUil.* 'The USSR fleet 
in li^ng .Sea is Imwling vigonxuly for Iwttom 
fivli sucli as ocean perch, flounder, and sablefisb 
rather than for halilmt, Ixit of necessity will pick 
up large numlicrs of juveniles; what effect this 
mortality will have on halibut spawning some 
years hence Is a nulter of conjecture. BoUi the 
Commission and the commercial industry' are 
seiLsitive to adverse trcncU from any quarter. 
Tlic Commission's objective from the has 
been to increase the bahbut population to a 
point where there is a maximum yield and then 
stabilize it. Any relaxation of Uie present con- 
trols would lie regarded as a temptation to in- 
dulge in reckless overfishing, with a few highly 
prc^uctive years, followed by a lapse of the 
fishery into its quondam stale of insignificance. 

rEMGicsfarj.>C! 

THE PRIBILOF ISL,\NDS 

Like the w liale. the Northern fur seal has long 
been a problem in conservation. The rocky 
Pribibf IslaniL of the Benng Sea make up the 
largest seal rookery in the world. In winter the 
seals swim far south in the ocean, returning in 
early summer to their home grounds where the 
pups are bom. In the past seal hunters of all 

pwvenlKtar orjtcr BTwing tn Cbes*peake Bay The ptanW 
tc«sc* • tnd of otd worte<f.out public gTounda. rvpCann W 
fehabnitates il at considcnble eipeiue, and ohm huovsten 
are ready to harvest, must {^ecl his beds from neighb®” 
mho have eootributed nothing to the enlerprtse. 



CiMumttfim ol Tidoanta 


43Z 

the remaining whale stoeVs. Signed Ijytwcnt)'- 
six nations, this 1015 treaty hailed the Ulbngof 
certain species, set size limits for others, cstab- 
ILsfied a i-months season, and prmndedsanthi- 
aries where whaling was prohihited. World 
^\ar n abrogated these agreements. FoUmvSng 
the war cighleen nations signed a new Inter- 
national IShaling Convention (19J6) wJiirlj 
created a Commission with hcadiiiiartersin Nor- 
vvav and set a seasonal catcli limit of 16.000 
whale units. A unit consists of one blue whaW. 
twx> fin-whales, or (wo and one-half hiiinpliacks. 
rarticipating countries were given quotas pro- 
portionate to their fleets. Catches are reported 
weekly b> radio, the season closing when quotas 
have been filled.* 

W’nstC STOCr »UVSCE.'tC.VT; f>f!CSE.ST SXflSCS 
mrvRc. Before World War II the Norse oceano- 
grapher, Iljort, estimated that there were not 
over 300,000 wliales in Antarctic waters; scien- 
tific advisors to the INhalmg Commission esti- 
mate the present slock at not over 100,000. 
Under the Convention of 1946 it was assumed 
Uiat a seasonal catch of 16,000 units wxiuld 
stabilize the resource at a safe level Research 
data collected by the Commission's scientific 
staff soon indicated that this figure was too lib- 
eral; certain species were being killed loo 
rapidly and were endangered. After reducing 
the annual kill to 10,000 units, the sdentbls soon 
callecl for further readjustment to 5000 units. 
This met firm opposibon from countries with 
heavy investment in new vessels and equipment. 
To supplement the findings of the Commission 
staff a special committee of scientists analvTed 
all data, coming to sirrular conclusions. 

Grey- and ri^t-whales have been fully pro- 
tected throughout the world, the fishing coun- 
tries agreed to add humpback and blue whales 
to the abstention list, but refused to accept a 
seasonal himt to 5000 units. Set- and fin-w-hales 

* tn 1962-1963 fivT rauntnci opmltd Berts in 

the Antarctic, Jajwn Icailza^ with seven. fcJIowctl bv\enB» 
nod iHe USSR srilh four each. Lesser partKipantf have since 
dropped out lesi-in; a thiee-eountry fishery in Antarctica, 
Jipan.NorwaT-VSSR m a SOOO-20 raUo. 


will provide most of the future catch, intnirib- 
ifig tlie pressure on those twx> species wliich in 
turn wall deteriorate. In disregarding scientific 
findings, the operators liavc pfaced present pro- 
fits in a liiglicr calegorv' tlian future stahilit)’. 

THE AiJiCTiANs. In the Aleutian area of the 
nortlt Pacific, with the second largest whale 
population, Japan and the USSR operate highly 
efficient fleets. They liave an agre^ G-month’s 
season and a minimum whale length of 35 feet, 
a measurement difficult to guarantee in practice. 
There are no restrictions on species or on mim- 
Iwrs killed. \kTth three Beets each Japan fool 
4700 whales in 1903. the USSR shghlly more: 
Uic Russians added a fourth fleet in 1961. Sperm, 
sei- and fin-whalcs are plentiful providing the 
Iwll of the catch; Wiie wfiafes are morehmifed 
and humpliacls are scarce. No other restraints 
are in prospexi and Japan has indicated conecro 
for whale survival in the Aleutiaiu. 

Although not a direct participant In wodd 
whaling, the United Slates is concerned mth 
marine conservation as weD as with viable in- 
lemational agreements. Norway and Japan are 
Vitaliy interested in stabilizing this resource at 
a favorafife pennanenl fevcl. It £s generally 
recognized that sharper restrictive measure* 
must be adopted and respected if this unitjue 
mammal is to survive. 


M.VNVCOIENT OF nSllEKlES 

The .4biin(fance-Dep/erion Crete. The fore- 
gwng accounts of shad, salmon, hahbut, seaK 
and whales may be regarded as fairly tv-pical of 
the conservation problem inherent in roost 
•American fisheries, as well as lUustratmg ih* 
methods by which restoration mav be achieved. 
In most commeraal operations, where fish ^re 
regarded as free goods of nature and the only 
law is the law of capture, a well-defined pattern 
is now recognized. 

I. .A period of abundance, with large catche* 
per man. per boat, or other unit of effort The 
ai^rarentlv inexhaustible supply of a cotnrooo 
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properly resource attracts competitive opers*- 
ton and leads to overfisliini;, 

2. A period of declining catches, with ihe 
reliim per unit of effort faffing off to a marLecI 
degree, 

3. Intctuafication of fishing efforts. Tliis un- 
dentaiidahle attempt of the fishennen to keep 
up the poundage geucrally means more and 
larger lioats. more efficient gear, and a l^■idCT 
cniKing radms. 

4. Depletion and abandonment of Ihe 
grounds. Depletion often occurs with scant 
waniing, IsecaiLsc, by the more Intensive 
combing of the sea or by taking constantly 
larger percentages of schooling foil, such as 
sardines or anadronioits rtins of shad or salmon, 
the impending cxlianstion may be conccalesl for 
some lime. 

Many varieties of fish have gone througji Uiis 
cycle, w hlcli Iie^s to operate just as soon as the 
original abundance drops below a certain level. 
In some instances, if a scant spawning slock 
remains, a ground may rebiuld naturally but 
riowly to a point where fishing may be resumed 
yean later, 

Even liiough certain fluctuations in alnin- 
dance of marine life are closed by biologic fao* 
tors or by physical and cbrniico! conditions 
within the sea or in fresh-water spa'vning 
grounds, overfishing is still the outstanding cause 
of depletion. Coruscciuently, restriction on over- 
fishing is Ihe most direct remedy that can be 
applied to marine life management. 

Tlie roiiuiion fVofi/em. Industrial develc^ 
ment has placed an additional handicap on the 
many streams and rivers formerly utilized as 
fishing areas. (See also Chapters 12 and 18) 
Sewage from atles, oil from ships in harbors, 
and null wastes of all kinds have been poured 
into streams and liays, particsilarly along Ihe 
heavily industriahzed North Atlantic seaboard. 
Also destructive to fish life are Ihe effluents from 
coal and metal mines, chemical plants, rayen 
mQls, pulp mills, fruit and vegetable canneries, 
and sugar refineries. One of the recognized 


cuuses for the decline of shad runs is tlie con- 
Umlnation of streams flowing mto Chesapeake 
Bay. TTie Jessened lierring. pike, and perch catch 
in Lake Erie is partly the result of industrial 
poMulioo. In J963 the dcatli of some 5,0iX),C00 
fish in tlic Mississippi River Delta was traced to 
rain runoff from farmlands which had lieen 
sprayed willi a DDT-type insecticide. 

Factories and fisheries are conflicting Inter- 
ests. and the industrial necessities of a given 
locality may prove greater than its need for un- 
contaminated sliad waters or oyster beds. In the 
fiilnre, however, it should be feasible to have 
purity waters without placing any real handi- 
cap on industry. Scientific research ha.s solved 
some of the problems of factory wastes, so that 
indiiriria) plants arc mcreasingly wdhng to co- 
operate In keeping streams free from poisonoas 
or offensive materials The fouling of coastal 
waters liy oil-buniing and oil-carrying ships is 
now pmltiiiiled by federal laws. Since stream 
poihition is oho undesirable from the social and 
esthetic standpoint, public opinion is now calling 
for considerable future improvement 

Apenci** for Scientific Research. Control 
work in fisheries falls into two broad divisionsi 
(1) investigation and (2) regulation. The restora- 
lion of any decIiiJng species must always lie 
preceded by a ihoroti^ investigation of the life 
history and habitat; these studies are the pre- 
rogative of the fishery biologist, Umnologist, and 
oce3nogra(dier. 

Concerning investigational ivork tJiere is little 
difference of opiiiion. Tlie accuinulabon of bio- 
logic data as well as die economic facts of ex- 
pl^tation is usually favored by all interests. 
Within the {imitations of its appropriations, the 
Fbh and WckUi/e Servicehas made innumerable 
studies; others have been made by international 
commissions for halibut, tima. Great Lakes 
fisheries, and sockeye salmon. The commercial 
fishing interests, wiUi millions of dollars in- 
voted, are willing to cooperate with survey 
woik and frequently as.ust in financing it. 

Most Uales have fisliety commissions with 
research staffs, most of them specializing on 
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local problems. California Iwgan the stiidy of 
the siJtiable sardine industry alxuit 1919, Inten- 
sifying it after 1947 as llie fishery declined. Tlie 
Washington Slate Department of Fisheries, 
oripnally interested mainly in salmon, has made 
numerous studies of shrimp, oysters, herring, 
and razor clams (Fig. 1). Among the valuable 
agencies is t)je International Commiisjon for the 
North Atlantic Fbherfes, whfcli includes the 
countries especially interested In the North 
Atlantic littoral and the Newfoundland lianLs. 
This Commission carries on lifologtc and eco- 
nomic investigations, collecting and correlating 
sd[ data that arc valuable to its memliers. The 
Bureau of Commercial Fisheries operates a 
dozen widely scattered biotogicsd laboratories, 
the one at Boothbay llarbor. Maine, special- 
izing on herring and lobster; ooe at Beaufort. 
North CaroUna, on menhaden, shad, striped 
bass, blue crabs; Gulf Breeze, Florida, is doing 
research on oysters and pesticides; Galveston. 
Texas, shrimp, red tide, and pesticides; and 
Honolulu. Hawaii, the tunas. Other laboratories, 
including many in universities, are making sig- 
nificant contributions to nurioe research: in- 
cluded are Scripps Institution of Oceanography 
in California, Fisheries Besearch Institute 
of the University of Washington, the Chesa- 
peake Biolo^cal Laboratory at Solomons island. 
Maryland, and the biolopcal laboratory of Ohio 
State University at Put-in-Bay. This is, however, 
by no means a complete list. 

Ileslriclire Legislation and En/oreement. 
Fishing is an outgrowth of the old hunbng 
economy, and there is probably no occupabon 
in which the worker is trxire intensely individ- 
ualistic and more opposed to any type of restric- 
tion. The natural tendency of the fishennan, as 
an area begins to decline, is to fish even harder. 
Individuals or small companies with a heavy 
investment in boats and gear, with huruhes to 
support and taxes to meet, are in no position to 
agree voluntarily on any conservahonaJ pidicy 
that calls for a restricted catch. The industry 
therefore is generally unable to take a long-range 
view of the matter. 

For many ^ears any attempt to follow investi- 


gatiun with restrictive legislation was fought by 
groups who believed their Immediate interests 
ciemanded wide-open fidiing. .Mter carefully 
jdanned legislation was secured, it was often 
difficult to enforce it. .Most of the regulatory 
agencies aro using their powen with the utmost 
discretion and arc permitting the industry to 
take themaximiun amount of fish commensurate 
with a sustaineil supply for llie future. In certain 
areas the industry his been educated to accept 
a carefully regulated catch, a larger escape of 
spawning fish, more ej 5 ^, more fingerlings. a 
larger slock of mature fish, and eventual!)' a 
larger siuptiis for commercial capture. 

Control of an entire fishety by a single bureau 
or comm ission with dLScrctionaiy pow ers has » 
far proved to tie the most effective type of regu- 
lation. In the United Stales the legal control of 
fisheries fa vested in the states, and v-arious com- 
missions have been sucmsful In regulating the 
season, the types of gear, e-icessive Aversion for 
irrigation, and the operation of state hatcheries. 

In many states there is a sharp legislatise coo- 
flict between the commercial and the sports 
fishermen over the allocation of fishing rights 
and privileges. In general, any decUning species 
lends to become the subject of a determined 
legislative drive to reserve it exclusively for the 
sportsman, a somewhat questionable interpreta- 
tion of the principle of conservaboa. 

Interstate Control of Fishing Ifbters. SocBC 
of the richest fishing rivers, bays, and coastal 
waters of the United States are administered 
under two or more sets of rules, sometiines at 
cross purposes. BegardJess of polrbcal bound- 
aries, New York shares certam fishing grounds 
with Connecticut, others with New Jersey. A 
similar situation prevails in the Great Lakes and 
elsewhere. Stocks of fish may migrate across a 
state line, sometimes spawning in one state ftod 
feeding uj another. 

The states traditionally exercise full jurisdic- 
t«wt over their coastal and intenor wafers, set 
ting up the regulations under w hich fishenes are 
operated. The legislative approach to interstate 
ira^boQ of fish has often been imrealisbc. and 
its residts conboversial. The Afarvland-^'irgrnu 
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friction owr oyster betli is of long duration. 
“Maryland crabs migrate to Virj^nia waters to 
spawn, and hence legislation established in the 
upper state will have little effect on crab rehaW- 
ilatioo unless corresponding and coofrerative 
enaclmctits and enforc-ement can Ire institnied 
by the lower state.” 

On the Atlantic coast (he highly migratory 
shrimp move south in winter through state 
waten with diverse regulations and, wliile sbll 
undersized, are taken in excessive quantities 
along the Tlorida coast. Under (he presentsys- 
tem, progressive laws of one stale maybemdU- 
fied by obsolete laws of a neighl>oring<«mfnon- 
wcalth. There is a growing tendency, however, 
for states sharing the same stocks of fish to stnve 
(or uniformity in legislation as in Washington 
and Oregon 

fVeedom pf the Sent anti Fi«hlng 
Fisheries throu^iout the world indoding both 
coastal and deep-sea are beset with problems of 
jurisdiction. The ancient and honorable 3-mile 
limit, generaDy accepted as standard maritime 
practice, is of doubtful validity s'hen applied 
to certain questions of fishing rights. Tlie more 
migratory die fish, the more compheated the 
jurisdiction, and even relatively sedentary stocks 
pose certain prolJems, Anadromous varieties 
such os salmon and shad, hatched in inland lakes 
and streams but deriving most of their gro\s-th 
from planktonic pastures in the ocean, return as 
adults to their ori^nal waters. In the ocean they 
have long been subject to the law of open cap- 
ture, although not in large numbers; even a few 
miles from their home streams they may be 
taken by an)'one. Docs the parent hatchery have 
any vested right in them? Can bottom fish such 
as the halibut, rehabilitated and conserved by 
agreement between two nations, be harvested 
freely by a third’ 

tHE ABSTENTION PRINCIPLE. At various tiioes 
Japanese and Russian vMsels including floating 
canneries have encroached on Alaskan halibut 
grounds and salmon runs. In the 1930's Secre- 

’"Jutiftn D. Onringtoii, "BeorginfiaWon of CmiseTv*H»n 
"orV in NUrjlcmd,*' SfSrncr, F«Vruiiry 5, 1913. 


taiy of State Cordell Hull pointed out that alien 
interests which l»re none of the cost and had 
been sul^ecied to no coaservation reslriclioas 
were not entitled to share in llie returns from 
conservation practices. He Included anolhcr 
principle which is as well established os freedom 
of the seas; the right of a nation to protect its 
own vit^ interests to any essential distance off 
shore. In 1953 by a treaty Iietween Japan, 
Canada, and the United States, the Japanese 
agreed to alistain fmm American salmon, hali- 
but. and herring fisheries. Thb treaty defined 
what is now known as the abstention principle; 
if a nation has exclusively developed a coastal 
fishery, has subjected it to conservation research 
and regulation, and is making full use of it on a 
sustained yield basis, other nations should al> 
stain from permitting their fishermen to enter it 
regardless of the distanco the fishery extends 
offshore.tt 

Ttte Tiin£E-SIIL£ AND OTHER USftTS. The 
international Impbcalions and problems of fish- 
eries have continued to engross nations, and the 
anssvers have varied widely, leading to treaties, 
agreements, conventions, reliance on historic 
fishing rights, and attempts to define marine 
jurisdiction in terms of distances and bound- 
aries. 

Sovereignity over home waters within the 
3-inile fimii has had the widest general accept- 
ance despite its origin u a maritime dictum 
never intended as a directive for resoiuce man- 
agement. Tliere Ls now a groxving disagreement 
on the 3-nule concept. Many nations, for exam- 
ple Norway, have pointed out the ab.surdity of 
a broad coastal embayment, a TOO-mile estuary 
such as the St. Lawrence, or a deep fjord pene- 
trab'ng 40 miles into the land, all fished by for- 
eign fleets keeping just outside a 3-mile ribbon 
of shore. In 19&I the Twelve-Mile Treaty of 
London was approved by thirteen European 
nations. Accepted by every country in western 
Europe, it adopted a 12-nule limit for fisheries, 
measured from headland to headland. Australia 

IlFd»vd W. ABa}, loIrmJUional NahIi RAdfic 

Pahertn Cdmmitscin. 
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has taken similar action and Canada leans in the 
same direction. 

The present international trend is toward 
more joint agreements and treaties with many 
nations participating. The United N'ationsc^ed 
two "Law of the Sea" conferences at Geneva in 
1938 and I960. In addition to compromises be- 
t\v een those w ho sou^ t protection for their own 
coastal fisheries and those w ho wished to exploit 
all coastal fineries Ihronghoul the world, &ere 
have been various dewlopments of s'aloe to 
conservation (Fig. 7). 

The United States hasa newlaw(J96i)assert- 
ing jurisdiction over all shell fish on the conti- 
nental shelf, and making it unlawful for vessels 
of other nabom to fish within its terrilorial 
ts aters. Many nations are asserting firmer con- 


trol over broader areas of their adjacent waters. 
Althou^ self-interest is obviously paramount, 
sustained jleld programs wifl benefit. 

The Freedom of the Seas concept, as we know it, 
originaied with Hugj Crotius whc» is called the father of 
tnodem inteniational law. ILs objectives were to break 
the naiigaboa monopolies asserted by Portu|al and 
Spam and to ward off the threat of James I of England 
to suppress Dutch fishermen from fishi ng off the Scotih 
and E^hdi Coasts. 

There U as much reason today as ever why navigation 
and tiaifc should enjoy the greatest freedom, but i! is 
now known that certain varieties of ocean fish are 
subject to severe deplettoo; hence it is no longer reasoti- 
able that aggressive nations should be permitted to 6^ 
as they please, wherever they please, regardless of the 
detrintental effects on local stocks and damage to kxaJ 

communities. 12 

irContntarl«<i hy Edieard tV. Ai^u. 
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AQUICULTUUC FOR THE FUTURE 

The science of land utilization has progressed 
rapidly since about 1900, awl agnculture Is now 
in possession of alxxly of exact knossletlge con- 
cerning crop production. Tlie tcchraquc of 
underwater research has liecn gradually per- 
fected to the point where it is now possible to 
make reasonabl)' accurate and extensive eaanu- 
nations of the ocean at any jpven deptli. Sden- 
lists hope that it sviU thus be possible to lay the 
losis for agriculture's companion Indusiiy, 
farming the continental shelves so that fishing 
will develop into real aquimlture. 

ScientiBc fish farndng in the United States is 
on the increase, including the construction of 
arlifidal ponds that are stocked with suitable 
varieties of game or pond fish, such as bass, 
croppie, bluegiU. and catfish. By adding cheoii- 
Cal fertilizers to the water, microscopic plants 
and insects multiply, serving as the base for a 
hl^y productive pyramid of iinderwaier fish 
footl. Under proper management the annual 
return averages 200 to 600 pounds of fish per 

Oyster fanning In Cliesapcake Bay. WiUapa 
Bay (Ukshington), and other shallow inlets is 
already far more profitable than the unreslncted 
esploilation of public oyster grounds. The soh- 
shelledcrab industry of Tangier Island, Virginia, 
is a systematic business with the fish under con- 
trol. Mollusfcs and crustaceans seem espedally 
adapted to aquiculture. Pelagic and anadromous 
fish present more olwious difficulties In manage- 
ment, and it may lie impossible to apply this 
method to demersal types. In the not too distant 
hiture, Jiowei-er, man may find it profitable to 
cultivate the sea as carefully as he is now culti- 
vating the land. 


Program of Koiioration. It is impossible to 
apply identical conservation measures to all 
fisheries, Eacli must be regarded as a separate 
proldcm. The remedial mea.sures for all fisheries, 
however, tend to have ceTtain similanties, ivhich 
may include: 

1. A program of scientific research imtil the 
complete life history is known. 

2. FTerible regulations which may inchtde 
one or more of the following roirective meas- 
ures: (a) provision for adult escapement; (b) a 
quantity limit on llie catch; (c) restrictions on 
the size or the age of the catch; (d) a closed sea- 
son for part of the year, or possibly fora term of 
years if the stock is badly deplet^, and (c) ref- 
uge zones or nunery areas where fishing is 
prohibited. 

d. Restrictions on types of gear to eliminate 
too-intemive exploitation. 

4. Removal of obstacles to migration or the 
construction of fishways. 

5. Artifidai propagation by means of hatch- 
eries and the stocking of barren areas if prac- 
ticable. 

fi. Abatement of stream and coastal poUutioo. 

7. Liceosing of vessels or other fishing media 
to ensure more effective control. 

8. Securing the cooperation of the fishing 
industry and the public by a program of edu- 
cation. 

It is always easier to preserve as original 
stock ihim to rebuild an exhausted fishery. Pres- 
ervation of fisheries depends largely on public 
willingness to recognize the danger, grant 
adequate approprfab'ons for teseardi, and sub- 
mit to reasonable regulation. The ultimate goal 
of bU such measures is a sustained yield and a 
permanent abundance. 
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rmclmty) is undertAen. no! Uie spedfichnd 
or mtim oI thal acUsdty. If umlertAen berame 

one «™is to do it, ssitl "o '“'•"8 »' 

or "ought to," then it is almost ™ely 

Z the modem camples svodd, rece.oonts 

often a major opportunity for 
Sm“ one more freely choose, hu re^uon 
m l., ,lmu his iob or his necessary chores of 
Se. hU rhoice is more nearly a personal one 
„,1 a sodally determined one. 

R«reation is closely related ^ “ 
lelsureistal,entomeantimem»h.chactm.es 
o^ctirity) consciously decided oniu=™de,- 

aCnSeuthcrelationotrecreatmnand^ 

“ vem dose. On lUs basis, mere idleness u 

"?'o,:So7rrnS"^plyd,osel^of 

recreaSon typically carried on indoors, lb™ 
bor^rlwe activities, since some rec- 
StirLy UeiUmr outdoors or Indoors. Oub 
toJ recreation obviously mquhe! sp.« and 
„,ourees, somehmes much space large 
"murees, to. Us enjoyment. Some outdoor ree- 
readon 1. best carried on iihere tte nal^ 
landscape has had the mimmuni modificabon, 
Sher a^vines require eitensive investment. 

3 Bwourccs, for outdoor recreation include 
areas of land, bodies of water, forests, swamps, 
and other natural features which are in demand 
or likely to become so. for outdoor recrealioo. 
The ph)-sical characteristics of these natural 
elements of the landscape affect their use for 
outdoor recreation, but they become resources 
for outdoor recreation only as they are useful for 
this purpose. Land, water, forests, and other 
natural features which for any reason are not 
or cannot be used for recreation are not part of 
the outdoor recreation resource. In this respect, 
outdoor recreation is no different from farming, 
forestry, grazing, mining, or any other iBe of 
natural resources. There is nothing inherent in 
the phj-sical landscape or features which makes 
it a recreation resource, it is the combmaboo 
of the natural qualities and the ability and desire 
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of man to use it, which makes a resource out of 
what otherwise may be a more or less meaning- 
less combination of rocks, sod, and trees. 

The Slaihfical Record. The statistical record 
for every major kind of public outdoor recrea- 
tion area, and most individual parks or other 
lands of areas, shows a mounting use year after 
year. For roost areas, the annual increases are a 
relatively constant percentage of the number o 
visits; the hi^er the level of visits, the greater 
the absolute size of the increase. The more 
pie enjoy outdoor recreation, the more they 
want it. it seems. 

Actual data on usage of public outdoor recrea- 
tion areas are rather poor— they are available 
only for recent years for many areas, and ttor 
accuracy is not always above critiosm. The 
data relate to the postwar years. An upwart 
trend in visits is evident in Aese data as th^ 
are for the prewar years. For the national 
data are available since 1910, and the earlier 
data diow the same tendency toward a consWt 
percentage increase from year tn y®*'" 
tendency toward increased usage leveled o 
somewhat during the severe depression yean 
of the early 1930’s. but showed growth ag^ 
before the war. During the war. visits to tte 
national park system and to national fore^ 
declined by about two-thirds, for t^vel 
boos and other wartime situations inhibited the 
usual recreation developments. 

Since the war. a marked upward rise m rec- 
reataoD has occurred on each major type of out 
door recreation area (Table 1). Total visiU toaU 
units of the national park system more th^ 
doubled from 1W6 to 1954, and doubled again 
bom 1951 to 1963, total visits to the 
forests increased somewhat more than two o 
in the earlier period, but by threefold m ® 
latter penod. Large mcreases were shoun on 
the reservoirs, constructed by the Corps o 
Engineers-nearly threefold m the 9 years fr^ 
1951 to 1963. TVA reservoirs and all sUte par» 
eiperienced generally similar increases in vin 
also (F^. 1 ) The increase in use was apparency 
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least for city parks, Inil It Is also true lhat oiir 
tlala arc poonrsl for lliesc, and perhaps the 
ftctu.il increase in visits sssts much more than 
these data aij^cst. 

Although die trend varies somcvsliat Srrmonc 
kinit of area to another, and even more from one 
specific park to another, and also somc«hat from 
je.ir to star, ^et die rate of Increase is remark- 
alily dose to a median figure of 10 percent 
annually. A constant perecniagc Increase of this 
magnitude means a rlonhling In nltout 8 yean. 
It can lie seen Dial this rale svasartually reachetl 
or exceeded In seseral of the Instances in TaWe 
1. No constant percentage rate of Increase can 
go on iindtang^ forcser; in time, ihe figwrea 
reach aslronomtcal heights. If the jsast percent- 
age trend in visits to Corps of r.ngineers reser- 
voirs contfnuetl iiiicliangesi to the year 2000. 
every nvin. woman, and child on the entire ra- 
tion ss-oiild Iw spending 25(X) da)^ annually at 
Cbrps rcsen'oirs! Some leveling off In past 
growib rales simply must lake place snmelime; 
hill when, and from wlat level of use? Tlib Isa 
n'lestion to uhleh we shall return bter in this 
chapter. 

T»Me I. .\nniMt M^lu in Mi}or Pulilk Itxteetlon 
.t<va« 1916. lVSt.»nJ 1963 
(Mflllotu of Visit!) 
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Sla* 1 TS'S latn ut wtilirfr n««l for recreetional 

pufjMMn. Retrrational rarililtei »n<l inipnivements tilurd 
el fneie then SIGS ontlinn here hecD pieced en lakes end 
lekcalsofce br statrv ronnllci, Hticv end private liidjv*UiiBlv 
endeompenlre e> uelt as by llie Aulhorily, BoeU kepi eii 
TVS lak« BOW eamhrr more then 52.000. Tbe lel'K e>« 
pAfnder ter t«eling (Inrludin; uSllns>. wairr skiing, and 
(Bureau nf Oulduor nrcrralicm. Department of Ihe 
Intceto.) 

One adililional point should be fwmo In mind 
In considering ihc llpurs in Table 1. Thciiuin- 
(>CT of specific- areas and the total acreage of 
each kind of area increased during the yean 
under considmtif’n. Tills u-aseiperiallymarked 
for the 0>f^« rescrvoln. A major part of the 
Increased vtsitalion reconl is prolably the result 
of this brgrr numlicf and acreage, flowever, 
ctunges in the acreage and number of national 
forests during this period were minimal; yet 
reerration s-isits to them increased almost as 
much os to any other kind of area except Corps 
reservoirs. It is by no means clear lhat all the 
visits to a new area are a net aildilion — some 
may In merely a diversion to lliis aie.i of visits 
that Otherwise would have occurred on one of 
the older areas, Ttichunre trend in total outdoor 
recreation activity will depend in part on the 
acreages available and their location. If rela- 
tively few overcrowded area.s are available. Uie 
vldts will not rise as nmeh as will be the casejf 
many new areas are provided. 

floiilc Fnclora f’nifcrfyfng /lerreofion 
ToTRrfo. AJdiough Vxirioiis factors may he opera- 
tive in particul.ir situations, four basic facton 
seem to be generally operative and to underlie 
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the large and conhniiing increases in outdoor 
recreation activity: population changes. Income 
changes, increased leisure, and improved irans- 
portation. These deserve a closer look. 

One of the most persistent and pervasive 
forces ill American history has been the steady 
growth of population. From less than 4 million 
persons in 1790, when the first Census was 
taken, we have increased to over 190 million. 
There has apparently never been a year in our 
national history when total population declined. 
The annual rale of growth was roo^y 3 per- 
cent, until about the mid<fle of last century; then 
it dechned slowly to a low of roughly of I 
percent during the 1930s; and it has since risen 
to about 1.7 percent. Many countries have ex- 
perienced long secular declines in population 
growth; ours is one of the few, if not the only 
one, that has experienced a reversal of such a 
fong'tenn trend. The death rate has declined 
steadily; althou^ additional modest dedines 
seem probable in the furiire, yet no spectacular 
changes seem possible. The big and erratic vari- 
able has been birth rate. Although this is some- 
what responsive to prospenty and depression, 
and to war, yet it has changed in the past in 
ways not easily understood or predictal^. The 
consensus among experts is that the rate of 
population growth for the nest generaBoo wiD 
not differ very greatly from the present rate, this 
means a total population in excess of 300 million 
by the year 2000. 

Although changes in total numbers of people 
has been the major populatioo change, yet 
changes in the rural-urban balance and in the 
age distribution merit comment, as affectii^ 
outdoor recreation. There has been a steady 
move from rural to urban areas for a long time 
in the United States, but in recent decades it 
has reached such proportions as to mean an 
actual loss of people in many rural areas. Dunng 
the decade of the 1950's, while total United 
States population was increasing by 18.5 per- 
ceut. more than half of aD counties lost people, 
and many additional rural areas did also. Withm 
the large urban complexes, the move has been 
away from the aty center, toward the suburbs. 


City people, on the average, patronize public 
outdoor recreation areas far more than do rural 
people; hence a move of people from rural 
areas to cities is hkely to mean increased de- 
mand for outdoor recreation. \V’e have also 
acquired both far more older people and a far 
larger proportion of them. An incrcasin^y large 
pn^KJrtion of these is retired. Although total 
outdoor recreation activity often declines with 
age. yet the large number of such people, with 
time and modest incomes, creates special de- 
mands for outdoor recreation. 

Real income per capita has also trended up- 
vs-ard Jn the United States for a long time- How- 
ever, rhit trend has been soineiv^t irregular, 
being broken by major depressions and becom- 
ing steeper in periods of rising prosperity. 
Moreover, the b^c trend has often been ob- 
scured by {Ranging price levels. However. In 
terms of constant prices real income per capita 
has about doubled from the mid'1920’s to about 
$2000 ooiv. For the part several decades, the 
average annual rate of increase in per capita 
income, measured in constant dollars, has been 
nearly 2 percent — rougfily the ame as the 
present rale of increase in total population. The 
best outlook today is for a continued rise in r«l 
income per capita, at rou^y the present rate. 
Average per capita incomes, measured in pres- 
ent-day dollars, may well reach $-4100 annually 
by Ihe year 2000. 

Another aspect of thiv rising income situation 
has speoa] importance to outdoor recreatloa 
Aldiou^ expenditures for the so-called neces- 
sities life — food, shelter, and clothing — tend 
to rise as real incomes nse, yet a larger and larger 
portion of total mcome falls into the “discretian- 
aiy" class. People have more choice about ho« 
to use some of it. As a matter of fact, as nearly 
as We can tell from rather unsatisfactory data, 
tie percentage spent on outdoor recreation has 
risen coasiderabJy since the war. A nsmg p^' 
ceotage of a nsmg average income obvaoudy 
means a lot more money spent for this purpose 
Total expenditures for outdoor recreation in the 
year 2000 may well reach SB times what they 
were m 1960 
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7}.vrc h^t ifccti a rfi/rg trcn<} in Ma) kvtti^ 
in the Uiiilet,J States for several ilecarles-Tlus 
has been manifest not merely in shortened aver- 
age or tj-piesd nork weels, «hfe^» indeed hii«'c 
Itecome shorter over a long jwrifHl, Init also in 
other factors. At one time, many merr and 
wotssen M-orted 7 daw a sswlc an<l mo«t of the 
others woilerl 6, now most worV. 5. withsomefi, 
and some shorter. v\l one lime. 10 and IShoiir 
di)'s were coiiimon; now 8 fc. typical. As recently 
os the end of World War I, steel woiketsweie 
on an SI hour w ork w cek; 1 2 hours a day. 7 days 
a week. The work week Ilw shortened irregii- 
larly— a good rleul In the 1030's, but some 
lengtliemng during tlic war, and no major trend 
in recent years away frorn the prewar situation. 

OUier diangcs have lieen taking place also. 
One dramatic cliangc lias been the rise In tlie 
paid vacation. One« the prisllcge of sonic uliile 
collar workers, it b now ncnily universal in 
union labor contracts ami common aitiongmany 
otlicr c!a.sscs of workers. Tlic length of the pithi 
vacnlion has also increased In addillcn to titc 
increa.se in nnmlicrs of older retired persons, 
noted alrove, there lias also been some increase 
in the proportion of young people not yet in the 
lalxir force, and. of course, a peat increase in 
their actual nnrtilwrs. Whereas l>o)s often licgan 
work at IS years or even younger In an earlier 
day, today few begin before 18 and some not 
until older. These older and young iwople often 
demand tax more outdoor recreation llun they 
would want if Uiey were w orkinp 

TJie fourth major force has Iwcn the rmprwe- 
ment in travel facQilics. Wien travel was pre- 
dominantly by |Hililic transport or by tiorse and 
bi;gg)-, as Ijcfnre llbrld M'ar 1. then a trip to a 
park Only a few miles away was a major under- 
taking Tlie peat rise in private nutomolale 
OHTienhip and the concomitant improscmeol 
in liigjiways have opened great opportunities to 
average persons for convenient, swmfortable, 
and relatively inexpensive travel. Total travel for 
all purposes has increased from about 500 miles 
annually liefbre World War I to alxmC 6000 
rniles per person annually today. Although we 
do not know how niuch of ihb travel Is for rec- 
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reatkm. yet it fcems probahh that a larger per- 
cenuge is fur this purpose today than was true 
in an earlier lime. Many a family today drives 
1 . 2. or even 5000 rnilts wJille on ihctr s’acation 
trip. Few areas arc inaccessible any longer. Tlie 
supply of Diildoor recreation has opened up 
greatly lo the individual, while at the same time 
tlie demand fur any area has increa.scd peatly. 

Interestingly enougji, the upward trend in 
each of tliese four nia^r factors lias been at 
nearly the lame rate (Fig. 2). That is. the annua! 
growth in each lias been someuliat less tlian 
£ pert’enf. as far as our somewhat imperfect 
lUtawiOpcnnit iistocatcsilate. This U to lie con- 
trasted with the upward trend in uve of many 
outdoor recreation areas of alxmt 10 perewit 
atmualiy. which w-e noted earlier. It seenu 
higlily proliabic that these four basic factors 
have interacted, so that the upivord trcml in one 
has reinforced the upward trend in another. For 
instance, had the improvement in roads and 
automohiles occsirred wsthout any me in real 
iiK-ome per capita— an improbable situation. 
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because roads and autos improved in large part 
as a result of the demand created by the hi^ier 
incomes and were financed out of those higher 
incomes — then it is probable that people wcnild 
have been unable to afford to travel to outdoor 
recreation areas in the great amounts that actu- 
ally did. As a matter of fact, during the war 
when travel was restricted but incomes were 
high, the number of visits to natioiral parks and 
national forests declined by more than half. 
Even if incomes had risen and transportation 
had improved, use of outdoor recreation areas 
w ould not have risen as much as it did if working 
hours had remained at their level of agenerntion 
ago. It has lieen the combination of factors 
which has been most significant. 

The best current prospects are that the up- 
ward trend in each of these basic facton will 
continue. In the year 2000, w e shall probably 
have from 300 to 350 miThon people, compared 
with 190 million now; average per capita in- 
comes, in terms of present prices, will then aver- 
age alrout compared ulth about 52000 
now-; paid vacations will be longer and more 
common, typical work v, eeks somew hat shorter, 
more people will be retired, and otherwise total 
leisure in the whole society will be greater; and 
as transportation wiH be improved more and 
more, people will tvpically travel considerably 
more.^ All of this will lead to a materially higher 
level of demand for outdoor recreation. The 
Outdoor Recreation Resources Review Com- 
mission estimated that total demand in thevear 
2000 would be three times w-hatit was in 1960, 
the author has estimated that in 2000 it would be 
ten times what it was in 1956 (which is equiva- 
lent to about sLr times what it actually was m 
I960).* As we have noted earlier, present bends 
simply must flatten out sometime, somewhere; 
but wc cannot he sure where or at what level 
this win occur. Almost ever^tine at ah familiaT 

iS«e xeport ot Outdoor Kocr^tjon ftesourers fteww 
Commisiaa. op. nL. jk 4S. Sec also llam II. l^ndsbnj. 
Leonard risdunask. and Jooepli L. tlsher. Rraoairrct rriAaier 
•ed'a rulure. Tbe Johns llofskins Press, Eallmiore, 1963. 

^Oanrrusson report. ibitL, p. 47; and Manoo Qasrsea, 
n. Burnell Held, and Qsartes II. Stoddarsl, tjmd for iKe 
Futufr. The Johns flopisns Press. Baltmiore. 1906. 


Conservation of Natural Resources 
with the Tecreation scene agrees, however, that 
future demand for outdoor recreation will be 
much greater than present demand Outdoor 
recreation is, and will continue to be, a growing 
use of natural resources. 

TJie iVflfiire of the Retreation Experience. 
In o^er to understand the use of natural re- 
sources for outdoor recreation, one must con- 
sider carefully the nature of the recreation 
etpenence. In any land of marketing or eco- 
nomic research, we need to understand the 
nature of the transactions that take place. The 
vriiole recreation experience is analogous to tbe 
marketing transaction. Every outdoor recrea- 
tion experience consists of five rather clearly 
identifiable phases, as follows (Fig 3). 

1- 77ie onticipflffoii or pfenning phase. This 
tabes place before the family or other recreation 
group /eaves home. Tlis 6 when t&e dedshaU 
made as to w here to go. w ben, how long to stay, 
what ecjuipmenl to buy, how much to spend, 
and the like. It seems probable that more than 
half of all money spent for outdoor recreahon 
Is spent at this time, in the user's home towa* 
This planning may be careful or careless, in- 
formed or uttiaformed; and in any case plans 
siwy be modified as the experience later unfolds. 

2. Tracd to the recreation site itself. Ihe 
length of the trip and the distance traveled vary 
according to the kind of area visited, but it is not 
uncoinioon for as much time and money to be 
spent in this phase as is spent later at the site 
itself. Some people regard this travel phase as 
^joyable buiause some people travel for ifie 
pleasure of traveling itself, but it seems probable 
that others regard this with less enthusiasm, as 
something necessary in order to reach their 
destination, but not enjoyable for itself alone, 
fhc travel may take a few minutes, to visal * 
nearby park, or a few hours for an all-day outing, 
nr several days for a longer vacation (Fig 

3. 0?i-*ife experiences. This is a part of the 
whr^e experience that most persons think of 

‘ 't*rion Qawtoa, "Pn»Ue wkI PuMk Pnrnaoo Oirt 
*>oc Rmnlion Opporlimih:," m Ctxmamtc Shuhr* ^ tW- 
Aw ftrrmilion. ORRRC Shidr Report S4, WtohmSl"*- 
DC.iae* 
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rclaaatioci. (Photo^ph bv Rasnusseo, Bureau of ReeUmatiors.) 


when outdoor recreation is menticined. it is in a different mood now — their vacation is 

indeed the chief reason for the whole experi- gone, then money has been spent, they may be 

ence and the chief user of natural resources; we tiied, and, for the moment, at least, they may 

shall consider it in more detail later in llussii^ be in a much less buoyant mood than when they 

ter. But the on-rite part of ttie whole experience \-entured forth on tlus recreation eipenence- 

is only a part of die whole — whether one con- Nevertheless, considerable time and money 

siders time required or used, money spent, or must perforce be spent on this phase of the 

satisfactions obtained. The range In activities at whole experience. 

the site is very svide, and we shall consider some 5. Hecolleclion is the last mafor phase of the 
of them in detail later. ichole experience. Back home agam, the family 

4 Travel home again, Althou^ ttie end or others who w-ent on the trip tell of their es- 

points of this journey are the same as travel to perienoes to the stay-at-homes, neighbors, 

the site, the intermediate route may be different. feiends, co-workers, and others. The memones 

Moreover, the recreatiomsts arc quite probaUy may not exaedy coincide with the ciqienence 
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itself— ihc Bsh get bigger, the mosquitoes more 
fierce, the comping more primitive, etc. It b 
probable that very often more satisfaction b 
achieved in lliis phase than in any other. Less 
money Is spent here, and the time requirejnent 
is not rigid Pcrliaps most important, it is the 
nature of the recollections of one esperier>ce 
which do most to determine the timing and the 
cliaracter of the next experience. 

These Eve phases arc indispensable parts of 
the nhole experience; none can be omitted 
ordinarily, although the lime and money spent 
in ead; mi^l vary considerably. The costs of 
ait phases must be induded as pent of a pac^ge; 
so must tlje sadsfacHons and annoyances of all 
parts. Wial happens «n ro\>te may affect usen' 
attitudes towanl a park fully as much as what 
they Snd on the site Itself. MTien the econombt 
strives to measure costs and benefits from out* 
door recreation, he most consider the whole 
experience; so must the recreation planner or 
the lej^sUtor or administrator responsible for 
designing and promoting a recreation system. 

Syiiems of Oxtrioor lt«f*«illo/i Artnt. 
Tlecrention areas of different kinds and in differ* 
eot locations form highly complex systems In 
this, they arc not unlike the plants and animals 
In an ecosystem. Elach iias its particular rde or 
function; the relationships between different 
units may he complementary. c-ompcUiive. or 
partly each. ^Vhen people go to one lake or 
water body, they may thereby be reduangtbeir 
recreation use of other ones. But tiie presence 
of more than one lake or water body may lead 
recreationists as a grotip to develop nrore wafer 
sports than would be the case if there were Irat 
one lake. The amount of use a particular area 
receives is likely to depend to a large extent oa 
the availability of alternative areas for tlie same 
users. 

There are so many different kincls of outdoor 
recreation areas that it is helpful to group fliem 
into a few broad classes. Some loss in detail is 
more than offset by greater simplicity for readier 
undentanding, Classificalions can Ijc based on 
one or more of vario»is factors. The Outdoor 
Recreation Resources Review Commission clas- 


sified areas largely on the l)asli of their manage- 
ment problems and objectives.® These dosses 
were established: (1) higb-density recreation 
areas, (2) general outdoor recreation areas, 
P) natural environment areas, (4) unique natu- 
ral areas, (S) piimltive areas, aad (6) historic and 
cultural sites. Criteria for evaluating each were 
estaUished, and management guides set forth 
for each. 

A diffennt basis of cLusification is according 
to economic characteristics.^ A threefold group- 
ing of user-oriented, intermediate, and resource- 
based has been established on this basis {Table 
2). User-oriented areas must be located near 
where people live, ore used typically after work 
or after school, consist imhviduaily of rather 
small Irarls. and are often city parks. Inter- 
mediate areas can lie farther from where people 
live, but should ordinarily be within one or two 
hours drising time. They are lypjcally used for 
daydong outings and are often part of a state 
pork system. Within the restrictions of distance, 
(hey should be on (lie best rites available. Re- 
souree-based areas iodiide the outstandJrtg 
mountain, shore, swamp, or other natural fea* 
lures, and in practice are often located rela* 
lively far from where most people live. They 
arc often visited during vacations National 
parks and national forests fall into this category. 

Outdoor recreation areas could be groups 
according to the type of natural resources in- 
cluded. Thus extensive water surfaces, shores, 
streams, forests, mountains, caves, and many 
other naiural features could be grouped separ- 
ately. In practice, many recreation areas con- 
tain more than one Idnd of natural rescairces; 
sometimes ft is the combination of resource 
that makes an area most attractive. Within some 
limits, resources can be created for recreation 
use. Trees can be planted to create forested 
areas, or dams may create artificial takes to pro- 
vide for water sports. 

Whatever the basis of classification, there is, in 

rXIcfSon ClAwfon, IL BumeJl JIM, vtd C. (I. 5l94d«nt, 
the tuturr. The Jolmi Ucipkiui fVeu, Baltimore, 

im 
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Table 2. General dassification of Orndoor Recreational Uses and tlesources 




Tjtpe of Recreation Area 


ffem 

User Oriwted 

Resocerce Based 

Intemediate 

1. General location 

Close to users; on what- 
ever resoiirces arc avafl- 
able 

Where outstandmg le- 
sources can be found, 
may be distant from 
most users 

Must not be too remote 
from users; on best re- 
sources available within 
distance Iioutatian 

2. Major types of 
activity 

Games, su<h as golf and 

piuiicS.'ing: walks and 
horse nding. zoos, etc.; 
playing by children 

M^or ri^tseemg: 
scieatiGc and historical 
interest, hiking and 
mountaia climbing: 
caroping, fishing and 
hunting 

Camping, picnicking, 
hiking, swimming, bunt- 
ing, fishing 

3. \Vhen major use 
occurs 

After hours (school or 
work) 

Vacations 

Day outinp and week 
ends 

4. Typical sizes of 

One to a hundred, or at 
most to a few hundred 
acres 

Usually some thousands 
of acres, perhaps many 
thousands 

A hundred to several 
thousand acres 

5. Common types of 
agency responsi- 
bility 

City, county, or other 
local government: 

National parks and 
nabonal forests pri- 
marily: state parks in 
some cases, private, 
especially for seashore 
ai^ major lakes 

State parks, private 


fact, a continmim from one extreme to another. 
If one element of the classification system is 
distance from usets, then there are obvioudy 
areas ran^g from the nearby local park to the 
most distant wilderness area. Or if size of the 
tract is the basis of classification, parks run from 
an acre, or at least hnm a very fetv acres, up to 
a million or more acres for large natjonal parks. 
Even the ORRRC management clasriScation 
system bas intermediate types — an area may be 
someivbat intermediate between a general out- 
door recreation area and a natural envunnmenl 
area, f£>r instance This conUnifW!: horn one 
t)’pe to another facilitates transfers of use from 
one area to another, if one area 1$ crowded, part 
of Its potential use load is bVely to be divert^ to 
another somewhat similar area 
This continuum among recreation areas, and 


the interchangeability in use within limits, em- 
phasizes the system aspect of all the areas If a 
new park or area Is added, it not merely offers 
some use, it also affects the use of many others, 
duectly or indirectly, fn this respect, the various 
parks in a general area or region are somewhat 
hke the different dams along a single nver; the 
operation and value of each dam are affected by 
the existence and operations of all the others. 
Or the situation is not unhke that of a large clec- 
trietty supply system, where each new genera- 
tor affects the operation of all the others- This 
syttem aspect of outchar recreaf/OfT is portico- 
larly complicated, liecause the different kinds of 
areas are Irequenily owned and operated by 
different units of government. Later in this 
chapter we shall reiurn to the problems of uitef- 
governmental relations in recreation. 
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The areas of mass slsc for outdoor recreation are 
often ptil)licly owned, as well as many areas 
which have relatively light use. Our information 
about publicly owned areas is lietter than it h 
about privately owned areas, and so we shall 
lake up the pubbe areas first. 

Among the resource-based publicly ow-ned 
outdoor recreation areas, the national parks^ 
outstanding. Beginning vrilh Yelloswtone Na- 
tional Park, which was set aside in 1872. a num- 
ber of areas haveliccn esUblished over the years 
as naUonal parks. Each has laren oulstandingin 
one or more respects, and eacli lias had national, 
as contrastesl with kxal. Importance, ^venl 
Include outsUnding mountain scenery; kcUow- 
stone. Mt. Ilalnicr, Ml. McKinley. ClaaCT. 
Yosemite, Rocky Mountain, and olhen tndu^ 
large mountain areas. Grand Canyon is noted 
for its tremendous canyon, the Everglades ue a 
great swamp. Sequoia has Its famous trees, c. 
Most, if not aH. contain many 
In them, aH commercial uses are esclude ( 
minor oreeptions) and eacli area U for outdror 
recreation In the broadest sense of Ae 
The national parks average nearly H ml^ 
acres each. To these national parks have been 
added national monuments, historic " 

other units. The total area of the national park 
system In 1960 wus about 26 million acres, or 
slightly over 1 percent of the total ^ 
the nation. The average Intensity of u.sc of 
whole system is about three visits annu^y pw 
acre, but thb average conceals great vanabons. 
often within the same park. Some parts w m- 
tenslvely used, others have scarcely any vistlors. 
As we have noted earlier, the trend in 
been upward at about 10 percent 
bng-run future of many of these areas may w » 
Jeopardy as a result of this use trend, it » diH^ 
cult to see how tlie national park system can 
absorb ten to twenty times its pre^nt 
of visitors, which the present trends ^ 

in 30 or 40 yean, witlwut serious damage o 
areas themselves. Althou^ a number oJ pr^ 
posals is pending now for additions to 
tional park system, it cannot po«ibly 1» 


tended indefinitely simply because there is not 
an onlimited supply of suitable adchUond areM. 

Another major resource-based kind of public 
recreation area Is the national forests. These are 
imiltlplc-use areas; recreation is only one use. 
sometimes not the major use. Relatively limited 
areas have been set aside for exclusive or chief 
use for recreation: the remdning areas an 
nearly all open for this purpose. Although the 
national forests were started somewhat later 
Uiao the national parks, their area has longbwn 
larger, about 160 million acres al present. On 
the average, national forests have about 1 mil- 
Bon acres each. On the average, their use is 
about oncbalf visit per acre annually, but thty, 
too. have some intensively used tracts and rela- 
rively large areas used very little indeed. Timber 
production and harvest are the chief pu^e on 
nnich of the national forest area, and livestock 
enzinc on other large areas. Although the na- 
Uonal forests probably wiU not expand gready 
in total area, because of rather general opposi- 
tion to large Increases in federal land holdings, 
the acreage set aside for outdoor recreation 
within them could be increased greatly. 

The federal wildlife refuges provide a unique 
kind of reource-based outdoor recreation area. 
Wildlife loday have UlUe economic value 
vond their recreation value. The area In all 
federal wildlife refuges actually exceeds the 
area In the whole national park system, but this 
includes several huge game ranges in Ala.ska and 
in the West, where relaUvely lew visitora can 
or wish to go. Average rateof visitation is lower 
on wddlife refuges than even on the national 
forests, but many refuges get >arge numbera 
of visitors each year. Other uses 
to the main purpose of 

expansion in this system is desirable for ff^c^ 

waaife purposes, and addition^ 

of the whole system can and undoubtedly will lie 

"“of the Intermediate type of recreation are^ 
suie parks are the most popular publidy own^ 
Uod Although some states have had parks 
for a long time, the system as a whole got a 
major bo^t during the 1930's. Many states, in 
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order to qualify for emplo>nient programs 
financed out of federal funds, sulntantially 
added to their park acreage then. More than 
half of the v.hole state park acreage is included 
in a few \-ery large (over 50,000 acre) state parks: 
Baxter in Maine. Adirondacks, CatskiO, and 
Allegany in New York, Porcupine Mountains in 
Michi^n, Custer in South Dakota, and Anza 
Desert and Borrego in Cahfonua. More than a 
third of all the state parks are less than SO acres 
each, andOOpercent are smaller than 250 acres. 
Id recent years, total visits to state parks have 
exceeded visits to all kinds of resource-based 
public recreation areas. Visits per acre in recent 
j-ears ha^e averaged nearly 50 per acre — more 
than fifteen times the as-erage rate of use of 
national parks and one hundred times the aver- 
age rate of use of national forests. State parks 
offer the greatest possibiljty for increase in acre- 
age of any major land of public outdoor recrea- 
tion area. Their acreage could be increased ten- 
fold or more by coovertiog suitable areas to this 
use and by improving other areas for this pur- 
pose. In the past half dozen years. New York. 
New Jersey, PeniU)h'ania, Wisconsin, Cali- 
foniia, and Washington have embatVed on 
major programs to increase their stale park 
acreage, and other states have also sho^vn a>ta- 
bJe progress. 

Reservoir areas and sunounding lands, of 
reservoirs built by TV'.A and the Corps of En- 
^eers, are another kind of pubhc O'^-oed inter- 
mediate t)-pe of outdoor recreation area (Fig. 
5). These reservoirs are built for flood protec- 
tion, naWgation improvement, and hydroelec- 
tric power production primarily, but recreation 
is coming to be an increa^gly important by- 
product. The total area of this type is somewhat 
greater than the total area of aQ state parks, but 
use is definitely less, so that average use per acre 
is around thirty visits annually. Partly becsose 
of increasiDg areas in Corps resenous and 
partly because of the tremendous increase m 
popijaiity of water sports, use of these areas 
for recreation has gown taster since the war 
than has any other kind of area. The same pur- 


poses underlying present reservoin are almost 
sure to lead to the construction of many more 
reservoirs in the years ahead, and they will be 
|HobabIy used as recreation areas e%-en more 
extensively. Moreover, construction of mod- 
erate-sized reservoirs primarily for recreation 
and only secondarily for the traditional uses of 
reservoirs Is likely to become common in the 
future. 

City parks are the chief land of user-oriented, 
publicly owned outdoor recreation area. They 
began in the latter part of the nineteenth cen- 
tury. and their acreage has expanded roughly 
in proportion to the growth in dly population. 
Ai sve have noted, the prime lequisife of such 
parks is a location dose to where people live. 
Indiyidually, most such parks are small, aserag- 
Ing less than 40 acres each, and with many less 
than 10 acres. The total area in all dty parks is 
less than I million acres. We lack accurate data 
on the number of visits to them, but it probably 
exceeds those to aS other public areas combined 
The extent used probably exceeds 1500 sisits 
per acre annually, on the axerage. Like the other 
areas, this axerage indudes some tracts used 
much more xvidely and some much less. Al* 
Ihou^ ample land exists in the expandiog sub- 
urban areas, where dty parks mi^t be dex-eV 
oped, the big problem is to see that it is resen ed 
for this purpose before it becomes covered with 
bouses. ^Vilb the almost certain large and con- 
tinuing growth in urban popxJabon, major 
increases in dty parks xviD be required m the 
future, and their provision wifl be a major re- 
source management problem. 

o/ /Virofe Land for J^blic Reereation- 
We have much less data, especially histoncal 
statistical data, about use of pnvately owned 
land for recreation purposes than we have for 
public land. Various situations exist • A common 
one is the man who owns a piece of land for the 
use of hu family and perhaps a few fnends. hut 

•ilMrim Oamca, Tmite wid FubGe et 

do9c B«creatioa Opportmutv," ORRBC Sludr Rpp®U S-*- 
£rwiom«c Shuit^ of Outdoor Rfcwolton, XXaiiuiigtAi. ti ^ 
IMS. 
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who on occasion may rent it out to others. Al 
Ihoudi wc do not precisely know how many 
private tracts ate owned primarJy for such rec- 
reation, the number may well run more Iha^ 
million, for there are more than a million 
smaU forest holdings, many of which must oc 
owned primarily for recreation. » c ».• a 

hJany landowners permit hunting ami h^ng 
by the pubUo on their lands, sometimes withmrt 
charing a fee, sometimes only on 
fees, which in some areas may be rather la^- 
In the more thicUy settled parts of the 
private bnd is increasingly being prohil^ 
from private hunting, at least without the per 


mission of the owner. Many landowners have 
had unfortunate experiences from allowing 
hunlinc on their land, such as fences cut, gates 
left open, livestock shot, and machinery ^m- 
atyd Sportsmen’s groups and others have 
sweht to promote better hunten’ manners in 
Ihe^voods and on the farms.® In other parts of 
the country, most private land is open to hunt- 

* ^er private landownen permit other rec- 

•Tbe I»*k Wulton Uoguf P“‘ o" • «»'np»ip •“ •*'!* 

mi for inrtBjice. See Outdoor Amrrieo, J““* 

Neveniber I9S9. Septe.nl,er 1900. October 1960, uni 
JtiuMTj l9Bt. 
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rcatioiial iis« of ihcir bud. lonicHroM providing 
comideraUe fjcllilics for doing so.*® Large liim- 
l)cr and oilier timber-ovsiilng companies In 
particidar, have provided camping and other 
facilities. So liase some brge electric utility 
companies. These bndowners have also had 
vtnfavorahlc experiences from tlieir bnd.s Iieing 
used pri\-ately, Init they recognbe that the 
jnililic wants to use large, extensive, forested 
areas and the)' liavc solicit to male such bnds 
avadable. 

In some cases, cliilis or other private groups 
owai bnd tliat tliey use for their ow-n enjayment. 
A group can own a brger tract, and develop it 
more fully, llum could an tndisiduaL Most clubs 
are on a nonprofit base; their bnd and facilities 
are generally avaibhte only to thnr members 
and guests. Swell recreation devclopmcnls in- 
clude a wide range of activities, from swimming 
pools and golf courses to hunting lodges in reb* 
lively inaccessible territory. 

Tn still oUier instances, ownen of bnd con- 
duct major buslne>ses to provide outdoor rec- 
reation opportunity to the general public.** We 
have no data on the total extent of such activity. 
Many of these are located on w-ater bodies arid 
offer water sports of different kinds to patrons. 
Olhen offer camping, horseback riding, and 
oUicr extensive land-use activities. *niese vari- 
ous operations go by many different names, 
which sometimes accurately describe their chief 
activities: resorts, dude ranches, campgrounds, 
commercial beaches, )*acht and boat dubs, 
sliooting preserves, vacation farms, etc. Many 
of these private areas are so located that their 
guests or patrons can also Cake advantage of 
publicly owned areas; a boating dub is on the 
shores of a public lake, for instance, or a dude 
ranch is near or actually within a national park 
Or national forest Scattered private boldtngs 
within die btter are often the basis for a recrea- 
tion buaness. 

Many problems are connected with this type 

RKitction on Fomt indiutry iMnd*^ mufls of i furror 
by Americon Fofvsl Fiii«lucts liHlLctTics, VV^stungtoii, D cC, 
1960. 

** Pnco>« Oufdbor ArerroKon Focflilif*, ORSRC SCndy 
Rq>ort 1 1, VVastuBgtoo. D.C., 1962. 


of biixiness. One major one Is that so much of 
their i>u.sincss is higldy scusonoL Buildings must 
be maintained on a year-round liasis, and even 
some staff is maintained )car round when most 
or all the business b conHned to a season of 3 
monttis or less. Another olistacle is that so much 
public recreation area is open vvitliouldiargeor 
for a very low fee. Although the private pro- 
x1den often charge primarily for the service tl>ey 
render, ratlier than for their resources as such, 
tlie competition from puWic areas Ls certainly a 
factor. Tlie American public, or at lea.st a large 
part of it. has become accustomed to free or low- 
cost outdoor recreation and does not realize the 
value of the resources it so dilaiiis. But lliere are 
many laianess problems in Uib ly'pe of enter- 
prise also, just os there are in the running of 
liotels. motels, and otfier bicsinesses catering to 
tlie general pubbe. 

"nicTe are also great opportunities for greater 
(aiUic iwc of private bnd for outdoor reereatJoa 
After all, more than two-Uiirds of oil bml in the 
United States b privately owned and much of 
it has a brge icci c a tion potential. The bigo 
amount of the protxible future demand for out- 
doOT recreation makes it probable that piihBc 
areas will not expand fast enou^ to satisfy this 
slcmand. Recreation could well develop as the 
dominant use for some pnvate areas or as one 
use among several on lai^r areas. 

Outdoor Rerrmtion dcfi’rilies. Amencans 
en^ge in various activities outdoors which are 
termed recreation. The simple ones of pleasure 
riding in automobJes, walking for pleasure, pio 
lacking, and swimming are the most popular. 
wEiether we judge by the numbers of peop^^ 
vvho engage in them or by the numbers of days 
spent at them.** hfore than half of the total 
popubtion apparently engage in riding, walk- 
eng, and picnidong. Boating, canoeing, fishing, 
huntmg. camping, and other rebtively common 
activities are partiapated in by few er people fo* 
fewer days per year. So are stiH others, such as 
hmsehaek riding, water skung, sailing, and ic* 
sports. In addition to these reasonably common 

“ORRHC wport. Outdoor Rertra/ion for Ameoca. 
op. tit 
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activities, there are many in which far few 
people participate and for relaHvely few days 
in total— mountain climbing, cave cvplorir^ 
(spelunking), and many other specialized activi- 
ties. Some are too expensive or too strenuom for 
mass partidpaUon or lack a general appeal, b«l 
they still have ardent devotees. There are. oi 
course, many kinds of partidpalor sporU also, 
but these we exclude from this consideration ol 
outdoor recreation. 

Most people take their vacations in Ae su^ 
mer season or during the wanner months o »e 
year. Many older people follow the sun and 


spend thdr vacation time In Uic South. Flonda, 
^ Gulf Coast states. New Mexico, Araona, 
and California have become the destination of 
thousands of people every winter. Some, 
acolariy the older people, are seeking comf<^ 
in the sun: oOiers are seeking the diverson, the 
exdtement. and the entertainment available in 

d,o»i«,ortai,as. Bol Ihm J 

.eceation ta tie cooler bbtode. ud hlgher dU- 

nides where there ere opportumties for hmtlng. 

Ice Bduite. sletltg. sKiog. lee eating, tmd o her 

wmtet sport. (Fig. 6). The developntent of sU 
resorts with suitable slopes, hits, lodges to at 


Education 
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commodate the gu«ts and other necessary 
fadlilies requires an investment of many thou* 
sand of dollars. The tourists themseKcs must 
spend considerable sums to be properly out- 
htted and equipped to participate In the sports 
programs. In recent j'ears the use of ice ma- 
chines brouglit skiing and skating to u’arroer 
latitudes and lower altitudes than was thought 
possible a few years ago. 

It is impossible in this chapter to attempt to 
describe these actisities in any detail. The essen- 
tial fact to keep in mind is that “outdoor 
recreation” ts not a single actisity, but many, 
sMth different groups interested in each, svith 
different and sometimes conflicting demands for 
natural resources. Tlie fisherman and the water 
sjder may have divergent interests in their use of 
a body of water as will the most ardent hunter 
and the rancher have for using gra^fng tand, for 
instance. Some outdoor recreation activities ap- 



Fif. 7 Winter moe »t Sqmw Valley high m the Stem 
Nevada Ran^ in «ast<<ei)tTal CaiifoeiUa. View diowa Ihe 
50004oot£T‘t3 double chair lifLTbiitaxDOus winter fpotb 
area aver ag er 450 cnebef o4 slew annoaDy. (Bureau of 


Conservation of Natural Resource! 
petal primarily to one age group or another; 
hunting, for instance, is primarily aa adult male 
activity. Ifowever, very often, the family goes 
as a group to outdoor recreation areas. In this 
case, there must be something at the site to ap 
peat to each member of the family. Dad and the 
older boy go fishing, the younger children swim 
and jday on the beach, the tots use the play- 
ground equipment, mothers sit quietly in the 
shade, etc. hfany activities require water bodies 
or are more enjoyable near water. This fact, 
|Jus the need for a variety of activities, lends 
special importance to the presence of attractive 
water bodies in outdoor recreation areas. 

Effrel of Socio-econemie faemri. Not 
everyone participates in outdoor recreation to 
the same degree; part of the diffeTcnces is be- 
cause of personal preferences, but a considerable 
part depends on easdy observable socio’ 
economic characteristics (Fig. 7). As people 
get older, they participate less in outdoor recrea- 
tion. OD the average, and the kind of activities 
also change. Persons over 65 have about half the 
total acliiaty of persons IS to Swimmiog 
declines rapidly with age, whereas nature and 
bird walks increase with age. Total recreation 
activity ris« with family income, at least withm 
the range up to $10,000; over that level, outdoor 
aclivijy per family seems not to rise and may 
actually decline a little. Even more striking are 
the variations in lands of activity with changes 
in income; in general, these activities involving 
comparatively hi^ costs increase much &ster 
as income roses, whereas the less eqiensive kinds 
increase less or actually decrease. 

Total outdoor recreation activity also rises 
with education, at least up to the point of finish- 
ing hi^ school. People with more educatiew 
participate more in outdoor recreation, but this 
may not be a simple cause and effect relation- 
sh^ those personal qualities which lead some- 
one to get education may also be the qualities 
which matre him eojoy the outdoors. Total recie- 
atkm activity also rises with amounts of paid 

Sve Marion Clawvon, iMryi and Wolcr far 
Rai>d McNa% and Co, Chicafo, 1963, wbere daU ft«” 
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^•acation; an even greater response is evident for 
those lands of actisities which can well be ciff- 
ricd on only during vacaUon. mountain climb- 
ing, for instance. 

All the foregoing are net relationslups. That 
is. older people of the same income level will 
engage less In outdoor recreation than wall young 
people; but older persons sometimes havehi^r 
incomes and their effect may more than offset 
the effect of greater age. so that one group of 
older persons may participate more in outdoor 
activity than a particular group of younger per- 
sons. The wide variations in individual tastes 
should always be kept in mind also. Thus it k 
very difficult to predict what a particular lodj- 
ridual wiU do. even if we know his age, income, 
education, and other characteristics; but we 
can esUmate what the average participation ot 
a group will be. depending on these same 
factors. ^ . 

KeioHW Chameleristic* for Outdoor 
tltmation. Hie characterisUcs making for a 
good outdoor recreaHon area deiwnd on the 
land of use the area Is planned for. 

A resource-based outdoor recreation ^ 
requires, liy definition, unusual natural qui^ues. 
Tliese may be outstanding mountains, lakes, 
swamps, sea or lake shores, geologic formations, 
or other kinds of area.s. They must be tru X ®" * 
standing by national, not by local, stan 
Is not easy to define ■■outstanding" in qiunliU- 
live or obiective terms, so that every observer 
would arrive at the same judgment. But anyone 
whoha.s seen Grand Canyon, or the Yel ows o" 
geysers, or the Yosemite Falls, or any ow o 
munerous other areas set aside in the na 
park system or induded within some ot the 
national forests, will agree that these are super 
lativc by any standards. . 

The same is true, generally, of 
We all agree that Independence Squarem ri^- 
dclphia is a part of the lade history of the UnilM 
States. Again, the standard of national r 
than of local interest must apply. 

The difficulty wiUi lliese two cUs^ 
with many aresw that are on the 
die Great Plains, where mountains are UCMug. 


the Black Hills is a most unusual feature. Parts 
of It deserve recognition, as they have achieved 
in the Custer Stale Park of South Dakota, even if 
they lack national significance. The same Is true 
of many liirtorical sites. 

When it comes to the intermediate-type out- 
door recreaUon area, attractive water areas, 
woods, and related natural resources weimpor- 
lant. but now focnh'mi becomes more significant. 
We have noted earlier that good intermediate 
recreation area-S should be within two. and prs^ 
fcralily within one. hours driving Ume from 
where people live. But in most cases this loca- 
tional requirement gives a rather large range 
for esercise of choice. Within that ninp o 
choice as to bcation, natural qualities should 
dominate. The importance of water bodies for 
recreation has been mentioned. An altracHve 
lake or stream permits swimming, boating, lisli- 
ine. watCT skiing, and other water sports, singly 
or in various combinations. A fairly high degree 
of water quality is often necessary for these us«i 
in the future, avoidance of water pollution in 
order to permit recreaUon will often be a inajor 
resource management problem. Trees for shade 
or for cenetal enjoyment are also Important; so 
are some areas of modest topography for pic- 
niebng. camping, and other uses. 

One chararterisUc of intermediate outdoor 
recreation areas is that they can often be mode 
-they need not be only found. « is true with 
the r«ourcc-based areas. Attractive lakes can 
often be made by eoiwlnicUng dams with fix^ 
overflow outlets, so that the shores develop the 
cliaractensUcs of natural lakes. An ade^iate 
but not excessive watershed is required. Tr^ 
can he planted even beaches can sometimes be 
constructed by ffilmg with sand. Wom^ut or 
relatively unproductive farm or forest land, 
somewhat uneven in topography, can con- 
t^ed into quite attractive parks by relatively 
modest expenditures of money and a f^v )-e^ 
time. Hiousands of suitable sites exist m the 
United Stales. The possibfliUes of e^slon 
ore better for intermediate-tj-pe recreation areas 
than for any other. 

When it comes to die aser-oricnled areas. 
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location is aD-unportant. By aad large, people 
live where they do for reasons other than the 
availability of local recreation — and largely in- 
dependent of the availability of other ^'pesalso. 
The user-oriented recreation must he moved to 
where people are, and not require peofde to 
travel far for it. For naghborhood parks and 
playgrounds a distance of a quarter to a half 
mile is as far as people ssnU go; other kinds of 
local parks can be a Lttlc farther away. Ob- 
viously, the choice of an area is now <^arp1y 
limited, and is in practice limited still further by 
the present buildings on each tract. With very 
limited exceptions, we ha%e not been wiUiogto 
spend the money to clear dwellings or other 
buildings from sites in order to make them into 
parks or playgrounds. Most user-orienled rec- 
reation areas require modest topography and 
medium soil cooditioQS for their use and 
development Some areas, howler, have been 
devebped on lands too steep or too svs-ampy 
for dwellings or other buildings, or on areas too 
subject to fiood overfiow. Some exceQent focal 
parks have been made on sites abandoned tor 
other purposes, su^ as abandoned quarries. If 
the space exists in the proper location, modem 
earth-moving and other technologies can often 
convert odds and ends of land into attractive 
local parks. 

The foregoing has made it clear, we hope, 
that it is difBcult to judge the recreatiaa useful- 
ness of a tract of land merely by bokbig at it. 
One can come nearer doing this for resmnce- 
based areas tt»an for others; but even here, it is 
how this area compares with others of somewhat 
simdar characteristics which may be decisive. 
For other kinds of areas, where location is more 
and more important, one must look bey-ond the 
specific tract to form a jut^ment about it Tracts 
can be. and have been, used for recreahon w hen 
a view limited to the specific tract would reject 
it as entirdy unsuitable for the purpose. If some- 
thing better is unavailable, we shall often make 
the best of what does exist for the demand for 
outdoor recreaticai is usually quite strong 
Thr Rolf of Corernment. As we have noted, 
outdoor recreation takes place on both public 


and private lands and waters. In the latter cases, 
the t^ue of an area often depends on the avail- 
aldity of pubbc areas reasonably nearby. Thus 
the role of government in providing oiddoor 
recreation is very great often cruciaL 

Public recreation areas are provided by al- 
most every level of government. The federal 
government proiides national parks andrebted 
areas, national forests, various reservoir areas, 
and wildlife refuges. Fbe states provide parks, 
forests, highway waysides, and various recrea- 
tioa services to local government and to citizen 
groups. Cities and other units of local govero- 
ment provide parks and various recreation 
services. There is no clear, sharp line separatmg 
the activities of these various lands of govetn- 
inent al&ou^ there are general £elds of inter- 
est or specially. One of the major policy 
questions in the recreation field, to irhicb we 
shaO return later, is the proper role of govern- 
ment at diffirrent levels. This has concerned 
many persons in recent yean; the Outdoor 
Recreation Resounds Review Commission gave 
attention to this problem, among many others. 

In considering this matter, it is helpful to 
realize that government (at any level) may and 
usually does operate in two rather distinctly 
different nJes. On the one hand, it is an “entre- 
preneur" — a planner who acquires, develops, 
and manages a particular area lor outdoor 
recreation purposes. Only government can cany 
out this role adequately in many cases. Govern- 
ment can consider the needs for all people for 
outdoor recreation, not merely the needs of 
those who can afford to pay well, it can use its 
legal powers to acquire needed land, when 
private individuals often could not acquire the 
same land at any reasonable price or even at aD, 
and the large capacity of many recreation areas 
makes it imperative thev be managed for 
relatively large groups of people, which often 
government can do very well For all these rea- 
sons. government has a qjeoal aJthou^ nc< 
exclusive, role to play in the outdoor recreation 

fidd. 

The other role that government usuaDv pia)’ 
IS that of Bnaacier ol outdoor recreation. Funds 
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are raised by various means of taxation, lobu>% 
improve, and manage recreation 
large, untfl now. users have paid very little^lhe 
costs through charges levied on each use. Tb<^ 
has been no correspondence between the taxes 
one paid to help provide outdoor r^ealion 
and the use which he got out of Uie public recre- 
ation areas. One reason many people have 
pushed for public outdoor recreation is that 
“free”; obviously, of course, it is not 
cause someone must pay for it sorne 
costs are submerged in the general tax ^ 

These two roles of government «uld tx sc^ 
arated largely or wholly. This could be don^ 
the government, which planned and develop^ 
the recreation area, required its users to ^y 
the costs, through entrance fees or 
based on use of the area. There may l*e ^ 
reasons of public policy why we wish toproi 4 « 
free outdoor recreation to some 
population who cannot afford to pay. H • 
in pracHce, most of the pubhc outdoor 
Hon areas have been provided for 
who can afford to pay entrance fee* 
pay the costs tavoW ThU seems 
for those types of recreation where the 
must incur substantial other costs ‘o 
areas anyway— the resource-based an 
diate areas, in general. But, even 7^* 
parks have been provided far more ^ 

the Wgher income sections where 
afford modest charges than tlwy have 
available in the lowest income 
where tlie capacity to pay is ““di 

Son,, (VoW™./o, Ik' '■'““T, ‘TL, Of 
conclud, Uu! cliaplei by mbing WMy » 

Ibe q>.raUoi» about outdoor recreaboo M a. 
almost sure to rise in tbe future. ' . 

First, how might our 
coordinated tat not 

outdoor recreation? We have ntrt * unillW 

recreation b one function of 

government, at federal, state, an None 

and also of many private ”1!™“ 

can aderpotely plan its program withou^^ 

Into eoniidemUn the plan, a™' 

the othem. tat there is no mechanum whereny 


a* on. be done. It is most nnhkely-and Um 
anftoe wordd argue, undesnable ^ ’“'"rj”' 
we should have Idghly centralized planning in 
this held. Ameriisms simply resist such central- 
ization. But there is a very real problem to 
lliat will demand allcnbon as the use of outdoor 
fccreation areas grows. 

Second, how might we estimate, smth learen- 
ahtoccnracy. the hilnre 
.„„aion, and the arey of 
reomted to meet those deman^? As we have 
Sed. It is not easy to estimate hiturc toantb. 
We cannot simply mdend past Iremls mdeS- 
rutelv for they lead to ndicnlons Ogores. hot we 

„e ta from sore as to what should be substituted 

tor such trend estenslons. Even if we knew how 
rmrny mJBon visits there would be In some 
fotoie year, to a patUcnlat kmd of outdoor 
LeatiS^m we are sbll not •> '" 

how much land and water are required to mrel 
uTdemand properly. We may be forced to ae- 
™t hSSer use mL ,n the future than w. 
hSe thought desirable In the past, and yet there 
B mrSy i»me point at whicli mtlsfacUom from 
^rdtai^recreaUon decline because of over- 

" TJibd^bow can we encourage greater pibbc 
me of private land for oiildoot teereaUomi Mini 

srttled rertons ol the nation. Some of this Und 
can be Sd lor recreation, either a. 

or as one use which is not 

rtber uses. But there are many dilhciill prole 
Sis, both lor 'be res^'to* 

Uoulmly tor die landowner. 
iwtter and fairer arrangements 
- 1 •< nf ibe one can be satisfied while protect- 
r„^T^« 7 tf...ol.heoth.r?Tblsisa 
Sd toel^reh and '>P'dm^“; , q,, 

'*“o'f publi^'^?as''be raXd l>est? 

^T^lll almost surety be considerable toW- 
aSe to a greatly increased lue ol genend la, 
‘r^nue. pinpi- ■"« “ 

_™,fe rarelv use oi.ldoor recreahon 
Sodiere-otten ore meuslocu.^ tolled 

political units in which they pay taxes. 
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serious problems of equity. One way to avc^ 
these problems would be to raise more of die 
necessary money from entrance fees or other 
charges levied on those actually using the rec- 
realioD areas. But this is strongly opposed ly 
still other groups in the population, who fimdy 
bebeve that outdoor recreation should he free 
to all who seek it. This is obviously a political 
issue which will have to be settled by argument 


and votes, as are many social issues in this 
country. 

These and other problems that could be posed 
are another way of emphasizing that outdoor 
recreation is a rapidly growing activity in the 
United States. Unless something very drastic, 
like a thermonuclear war. Intervenes, then we 
shall surely see outdoor recreation continue to 
grow as a human activity and as a user of natural 
resources. 
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CHAPTER 21 

Tlie Conservation of Man 


Natural resource problems have recency been 
viewed more and more In terms ot what they 
mean to people, indicating increased recognl- 
Hon that the country’s greatest resource ts 

people. 

non UCT ic»» 

ent' healihi high sniB, 


Una m ouS^v..E»aitPt htslih. WSI >““• 
anil eir.«Tve loslitutioral orguilza»»" . 
tVllitt are My a! important as any ol me 
Other Facton of production, that Is. ma em 
capital, management, government, ^d 
'resources, in effecting large per capita p w 
tion and great n^^nal power. 

'^'Consen’alion oflnan may be interpre 
mean the avoidance of waste m reproducBon 
and in rearing and educating children, logC^ 

'‘ith the maintenance at minimum cost olg 

health and high productirity in the adult wmk- 
ing population and the aged. \Vilh all our ar 
ings, we have become relatively low 
repkeers of bfe. Compared witl» the pa-sU we 
are also rektively efficient in maintaiiuDg 
and health among botli chJdren and adul^ uw 
treatment of the aged may l>e inferior to ii» 
past generations in iromnalerial consideraUons. 
Ovu educational efforts and our use of the av^ 
age adult worker are probably intermedia e 


nuahty: Utter than previous generations, but 
Jjl mediocre compared with present and pro- 

knowledge relating to past efforts 
to conserve man comes from aristoenhe 
societies, in which treatment of the majority of 
people >vas mainly ignored in a.«esslng deft- 
ly and progress. Therefore we really Uve 
no Spendable base points for purposes of ac- 

curatTcomparison. and pessimism U eurffy 
attainable by those forgetful that Iving in Ae 
first st8«’es of a quanbUhvely comprehensible 
world can easily lead to enoneous Mmpmsons 
between today's median accomplishments and 
yesterday’s best accomplishments. 

pnOBU:>lS OF POPUIATION 

ItEPL.kCF.MENT 

.p* a-o majar duuigo tol .tape p^jeh- 

Uon etonge re » reort.*./ «rel 

If ..pecMcy l.y Seeing »M,.y .reoeg 
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adults through learning how to control degen- 
erative diseases. 

Wiitte in Popiilaf/on Replacement, The 
wastage of life in replacing each generation is 
very low in our society. Infant mortality is now 
only 2.5 percent. Mortality among older chil- 
dren b even less, thus at current rates of survive 
more than 95 percent of those bom will at least 
reach age 15.* More than 60 percent will live to 
age 65. 

Progress in medical science, hospital deliv- 
eries, and prenatal and postnatal care have 
largely tal.en the hazards out of childbirth, with 
Uie maternal death rate now less than 0.1 per- 
cent, only a fifth of the rate a generation ago.* 

Eliminating most premature deaths has let! 
to a rising median age: it was only 19 years a 
century ago, had risen to 23 half a centuiy agj. 
andwBs2&5in 196}. 

The major determinant of our population 
change ts noiv fertility, or the trend in birth rate. 
The events of the past generation have made 
this very difficult to forecast svith precision, 
with the chief variables being the following: 

1. The long-run surge in the number of fami- 
lies being lomed.^ In the 19405 an average of 
0.5 million new households was formed each 
year; in the 1950 s it was about 1 atiUioa. and 
by the nud'1960’s it is approaching 2 millioa. 

2. The married proportiaa of the adult popu- 
lation is now over two-thirds of all 14 yean of 
age.* Even by age 40 only 8 percent of the men 

' AMough ircKtrab are umublc to coatrot. ihef 

outiaok rvei; durasc «s a toiler imong children vid jnKmg 

*Even «hra onl^ venoeo in the frpreductive tgn are 
considered, matemitT’ causes less than 4 pcicenl o{ all deaths 
at those ages (accents take three times as many lives anicng 
them as chikIbeariDg). By region, the same geoenl pattemof 
maternal mortality ensts today as two decades ago (Ifsal is, 
nnich higher than the average in the rural South and rural 
West). 

'The Bureau of the Census defines a fanuTy as two or more 
people living together who are related bv blood, marriage, or 
adoption, 

* Over 70 perceot of young women between 20 to 25 years 
are or have been married, compared with fewer than half in 
1000. 
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and 6 percent of the women are still single (this 
is but half the proportion at the turn of the 
century). 

3. Only a tenth of yoimg married couples are 
now chilffiess. compared with double that pro- 
portion before World Mar II. (However, if all 
families are considered, some two-fifths have no 
children at home.) 

4. Women are starting childbearing while 
youfi^ the residt partly to the lou-eriog of the 
average age at marriage (23.1 years for men, 20.5 
years for women in 19ftf). 

5. Families remain small (3.7 persons per 
average family). Of the some 30 million families 
with children at home, rou^y a third have one 
child, another third have two childrea, and the 
last third have three or more childrea There is 
no evidence of an abandonment of the small- 
family system by any appreciable group, and 
the number of very large families is dropping- 

6. The increase in births (over 4 nuQiofl 
annually since 1954) has been achieved by 
somewhat more even fertibty than in the past. 
The increase has been due mainly to more 
families having children or adding a second or 
third child. The groups that were historically the 
most fertile had the smallest increases.® Over 
85 percent of all families step at four children. 

There is still a very uneven distribution of 
fertility in the nation, althou^ less so than dur- 
ing the great depression of the 1930’s (Fig- !)• 

V Fertility if fill] mudb higher than ncccssiiy ior rcfJvcc- 
oimt. 1/lhe avengr wife vrm to have babrs, thepope 
bbOD would be mtionaiy in 1 few decades. But wives to ll**'' 
early Wserr npected to have ao average of 3 5 chfidreutT 
the tiiDC they have completed their famOies. AsuuigwivTS 
Bi their early 30’s, all large groups eiceed the necesaiy 
number- 

white wives 2.6 urban wives 2.S 

noowhite wives 3.1 rural wives 33 

Evew af average fertilrly should drop somewhat in the far 
see^fe future, the mcrease in youog Americans Ifw esamph- 
50 perceot rnore J8 year olds hy late 1960’i over 1350 •) 
wmJd keep absolute toaease at a high level for deeadm- 
Souse authorihes bebeve that the fertility oi young infrrto^ 
cmrplea wHl be mudi lower ihm bi tbe past because of the 
sneteased use of oral contraceptives. 




Regionally, the 6 million people of the 
cn. Appalatliians have fertility h«ce ®‘ 
Ihc national average. In respeet to the **** ® , 
family, less than a tenth of the mothers stiU ao- 
here to the big-family {wtlem. Tliere 
"ho fear ‘'genetic erosion” in emt socie y. 
wme few of Uie very fertile families are amw^ 
the wealthy or ctilturally most advancetl »et> 
tnents of ovir population.* , 

Geneticallv there are few valid rtaw*** 
mdi fears, ^^’e caimol mea.sure tire mei»«| 
ability of thildren ihrmigli measurement oi 

‘Afluilly tw«rt* ■ ihlrd of the *** _ 

tUaw. k»« .n 'ioeomr .boso 0* ^ 

»t«»t Ih* BUM prapurtioo of wh * 

»!*»* on Ins lh«n luU Hat lutlnnsVis-ortr- 


their parents. Every newltoni thUd rewives 
8 umcpte pattern of genes, and the only re- 
UaWe w-ay to discover how good this ' 

may « to measure directly U.e intel- 
of 0,e oh,U .u.to tvo-oM. 

“XtT, S-l conoUfloo Wm-o oo- 
„™nmoolJ f.c.™ ond '"“"'1.™“; 

snnroaches maxini'int mental power, me sa 

i" '"'“‘"VST 

»JI «ppn»* « r 

0,00 of 11,0 oil'onl tolxomS'""'- 
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mental elliciency or intelligence is a product 
of inherited factors, the age, experience, and 
physiological development of the Individual, 
and the adequacy of the culture in which he 
grows up. 

It follows from all this that the hey to fuller 
utilization of human resources is to provide 
more enrichment and to give each person the 
best possible education in the widest sense of 
tliat term. A differential birth rate mi^t pose 
a social danger in a caste-organization soefe^. 
but in one where the supenor classes’ cultmeis 
continually being diftiscd to the loiver socio- 
economic classes, the danger of genetic erodon 
ivould seem to be minor. 

Cftsl of J^pulalion fnereoje. Througiioiit its 
history, the United States has not only replaced 
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its population, but increased it. During the past 
centiuy, the American population increased 
more Uian sixfold, whereas the world's popula- 
tion only doubled. 'TJie national average annual 
rate of increase was almost 2 percent, whereas 
the world as a whole averaged only three-quar- 
ters of one percent. 

Howwer, our rate of growth has been fall- 
ing, as a long-range trend. It dropped from 
3 percent yearly in the decade preo^ng the 
Civil Afar to a low of 0.7 percent during the 
Depression of the 1930's. but since has been 
increasing at about double the depresaon rate 

(F-g- 2). 

The population estimate for J965 is 196 mil- 
lion. Of the 2.5 million annual population in- 
crease, some 90 percent is due to natural in- 
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crease and 10 percent to net iitimlgratfan. Of 
the net Ininugration, about 55 percent wasfrtnn 
I^tin America, about 3T percent from Europe, 
and the remaining 8 percent from the re^t <rf the 
vvorld. 

The period of infancy and early chilcDrood 
obviously represents a ^ain upon famfly and 
community resources, an investment made ftr- 
uard a productive return in later life. Tl»e 
demographers, Dublin, Lotka, and Spicgcl- 
man. assume that for Uie United States Uus 
nonproductive phase of life extends to the age 
of 18, on the average, and estimate the invest- 
ment in a child up to that age at some 4 j'eart’ 
avenige-fainily income. In agricultural areas 
a'td those In whidi child bbor stlH jsersists, 
the ciuld lieglns to be productive at a much 
earlier age. It would probably be safe to esti- 
mate, however, that up to the age of 15 years 
the Investment made In a child greatly exceeds 
its economic return, even In nir^ aresis.^ 

Premature death represents a net economic 
loss to society from ob^t 5 1000 at birth to per* 
haps $15,000 at young adulthood. A death at the 
age of 40, on the other biuid. represents a net 
economic gain to society, whereas one at fiS 
represents a net gain to society of mote than 
twice uhat was invested In that individuaL 

The whole economy Is under pressure be- 
cause of the rapid grmvfli in the two groups at 
the extreme ends of the age scale. The number 
of j'ftiiig and «g«l dependents is groiWng three 
times as rapidly as is tlie group l>et«ren. The 
percentage of these dependents compared to 
the productive age groups is rising steadily.* fn 
the hear future, aliOut two-BfOis of ihcexpcctcsl 
increase in die national income will go to tale 


care of the increasing number of dependents. 

There are many who hold the idea that such 
population growth provides a firm liosis for 
prosperity. Tlieir reasoning is that mu ability 
and willingness to consume Ictidv to lag Ijcliind 
oiir productive potential An increase in the 
numlier of consumers is thus thought to offset 
thh tendency by stimulating demand for per- 
sonal consumption, through bringing continu- 
ous pressure f^or expansion on most sectors of 
the economy. 

Trends in £d>icv>r/nn. An miUtanding social 
achievement of the past half century Im been 
the raising of the general educational level of 
the Americin people. For nearly 30 percent of 
oU Americans, education is a full time occupa- 
tion or a time-coasuming avocation.® Total costs 
(publtc and pnvatc} amount to nearly 6 percent 
of the annu^ gross national product (3 percent 
In 1929). 

Tliere Is still Incomplete coverage in our 
educational system. Currently, only liolf of tlio 
adults 35 years and older liave completed a Ingli 
school education, and less than lOpererntbase 
completed 4 or more )-ean of college. Even at 
the appropriate younger age groups, about a 
tenth of om youth stiU fail to complete grade 
school, a1x)ut a third fail to complete high 
scliool. and only a seventh complete 4 years of 
college.”* 
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However, the expanding program of second- 
ary education in the hventielh century has per- 
mitted the tjpicaJ jwung adult of the 2960“* to 
complete 4 )’ears of hi^ school; his father 
probably had less than 1 year in high school; 
and his grandfather, no doubt, did not go be- 
yond grade school. 

The second half of the bventielh century Inds 
fair to see higher education become nearly as 
common. At the (urn of the century, only 4 per- 
cent of the population 18 to 21 yean of age were 
enrolled In iiub'tub'ons of higher edticabon, 
compared with ten times that fraction today. 
Id metropolitan areas, commonly over half of 
this age group start college, although httle more 
than half of complete 4 yean and receive 
a baccalaureate degree. 
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In the fall of I9Sf, some 1.2 million freshmen 
arrived on campus, about 45 percent of the hi^ 
sdioti gradaates. Of the hi^ scbod graduates, 
dmse in the top 2 percent in terms of academic 
adiievement pracUcaBy all go to college, but 
from there on down family income is the main 
determinant of who goes. Federal aid to stu- 
dents is now" confined to a loan program serving 
perhaps 5 percent of college students (a 1965 
latv wiU help more students get low-interest 
loans from commercial sources by guaranteeing 
repayment). About 1 million qualified high 
sidtodi students do not attempt to enter coUe^: 
some cannot afford it, some do not understand 
the later values to be derived, and some just do 
not want to go to college in the face of other 
more immediate goals, lijus the problem £s two* 
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loU; how 10 nid the iwly anti l«ow lo nwrtWalc 
ibe unintended. 

UeciOfu! ami ethnic Inetnialilies In 
Lwl rduwtlon are *tiU iinpteviivr (Hc- 3)- >« 
cerwral. «1iicati«i in mral arcM I' 
that in tirlan areas, especially maslde the North- 
east and the West coast, althonsh there ap^a« 
to I* a lurroxslns of the ffap liel^ect. reraUwi 
url«n school s>dcn«. \Vilh some eaerptioi^ 
qiulity of education for non«hlte Aiwtv 
cans is somewhat Inferior to that ^ 

allhmjgjs mmiwing the pap i»» the iw » 

Iseeo a major ohjectivc, 

roNSEitv.vrtoN riioitw-'ii^ 

ACTINT AftUlT I’Ol'UI.ATION 

Much of l).c IncresLsed h«inv«n 
In the United SUlcs In U»c 1“^'^ *r" 

n-Uled to tlw phet»omeTWH of 1 ^. 

lies l>ein 5 llftil from po'-erty to «"'< 

Ics-eU of consumption. In one way. 

said that one important new America j 

las lieen opening up the purchasing po 

“"ital;.., p»aty n=t,W. 

..fc. to 1 » po..r... 'T7”" “ 

c.n alIo„l. Tl,e o< T^. 

S,.„5 U... .op 0l 

cent; the sluirc of the poorest fill income 
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p)estomlddle.cla-«f.«nMlicsti>.^ 

to ^7500 annual Income rang ). 

ihrn-riiUis of all fainflio- , , , ,, f^_,ui«.«Tll 
OWo..,!,. .he .»o». nw. 
indiidc the overwhelming . jncfiide* 30 
retpdnng snlwldlcation. TliM d 
million people in faimltcs, an . m- 

tadied persons. Tl'O per capita 
come o/lhe ^5 milUon Amer 
fifth of the population Is income of 

with the naHotul average ,11 

poor families up to die „Ktiun lower 

consWe-J .he mlmm..". » 
midclle-cUss status. _ . t;y„ in the 

01 0.ep«.r (tote. W' 


Sou.li 23 petcrnl In .he MUiUe «es.. 1 . 
ton. to UKh». » Pe™"' *" 

NeaiW half of afl nonwhites arc poor, and more 
Urn. io pneeu. ol >11 tru. hmihn to 

l.«l, Je-ioHe., SU.1. ..e .n:J,Jy ™- 

U..to.ed li. .he Sto.lh end to .he ..oi.wUle 

" M*oto dull 11 mahoii chiUten live to lamto 

uli,™, liutoiito toe levi Uwto tVX)0 yeaily. -Hie 
lla* of more Hem (» pet™! »' »" P"' ' 

lies too level'"' ouly > P* 

A .l.l.if oI >11 poor Itoolhes "« '''“'“I *’1' " 
^0." ffl jeois <il «Se. Mom Hu" ^ 
utoscheil pntoto (uito.ly elderly) had to- 

.umesUd.™ SICKini'-toly. Tlie poe' 

I„to.d,uls aie lutoiily older iviiileis iiml re.lred 
r;«iii. .ddvly rClered In Wh tood "'d 

id! odull piuhlems «e caiitod hy po'Cy. 
bu. mos. do. tov no. onued toe inteduiiieil 
„ co.i.pfa.r.l touseurderl .».ern..l..lon'hlp 
Sii;., espeviidly .rue ol .lines., eoidento 
1 . 1 th nhstieal liandicoiw. and disability related 
iTlltacVl^nd'Ce. toi'seJ more 1, illy l. our. 

Co*, o/ llfiir*.- Morbidl.y and rrwm.ii.e 
dea.h sto. die no.lnn . stogsertns .otiil eecli 
,e... Aevonlins to tong, .he cos. ol pretoj.™ 
dch of .dal disaliili.y, mid ol pJrlid disiibihly 
,«l. cos. lire erpiividenl of nltoU. 5 
.lie leillonal incmiie yearly, "here., s^ort-.eim 
illness ««.' the ciiuividenl of alxiul 2 perren. 
ol .he toiniial niilionid tocmne.>' On any one 
diy. alto.ll 5 pvr^n. nf .he told popdalion is 
m disa.iied by illness or h. physlca or cnio- 
lional tonrlicops nl tome lun.l as to 
to go .0 svorh. Mmiiiinm ttos. ol Ihis shorl-ter 
Blriss IS eslimaled a! some len bill.on dollra 
annudly, ol wUch a 6Ilh Is anoun.ed lor hy 
Diolonecd illness. 

Tlw slmre of tlie national Income going to 
pnvate meihcal care (narrowly defined) has 
!^n from 3.5 imrccnt In 1030 to 5.5 percent in 
19M. In the latter year, benefits paid to insured 


fatdiMlc «hl» I-Meni of cosi fcTO»tru .obst.nholly l! 
for roily l9W)'s. 




penotv^ for h<wpjUl*surpC5d-m«lical expense* 
by all voluntary insuren w-as about 6 billion 
cloUars, alxnit a quarter of the total private medi- 
cal bill.** The other lliree-quarters had to be 
covered by rcorganiiing the budget, tuir^ 
sa\ings, or going into debt to pay. Both in the 
early 1930's and in the injd-1960's some JO per- 
cent ot the popnlatvon '*as bnidened aith 40 
percent of the total personal expenditure for 
medical care. These 5 miDian fanulies find them- 
selves in serious financial straits, with costs 
ruunmg between 20 percent and more than 
100 percent of tlieir total annual income. 

By J9&1 more than three-quarters of the 
total population had some degree of protec- 

U C<M rminraul, industiial, and philuithropic mniRal 
KISU abo«l bail as mutb as the UjIJ privale medka) 


lion furnished by private health insurance 
groups. Blue Cross and Blue Sliield prowded 
aliout 39 percent of the hospital expense enver- 
age. alwnl 36 percent of the surgical expense 
coverage, and some 46 percent of tlie regular 
tnedic^ expense coverage. Insurance companies 
providedSdpercent. 53 percent, and 46 percent 
of the three types of WAerage, and mdependenl 
plans the remainder, 5. 6, and 8 percent, respec- 
bvely 

T^ accompaning map of the United States 
depirts what proportion of each state’s residenf 
population had some form of voluntary health 
insurance m 1064 (Fig. 5) Most states withhi^ 
c^itndizations of popubtion — including practi- 
cally all the states in the Manufactunng Belt- 
have greater proportions of their popubhoo 
protected by some form of voluntary health m- 
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juiancr Tile relative Wieb^wJjjcJj health Insur- oiil of rowt Itwiirance plans (or have crtreinely 

ance U provided to heavily ]wpulaled areas high rates to pay) liecaitsc their higli sickness 

through the group inswratifc methanisw nc- #i»J injury rates make llicm tx«r risks; (4) few 

counts for tJiesc heasicr areas of roswge. In {dans have regular coverage /or long-term 

recent years, however, extension of tlw group ‘'calastnrphic illnesses.” such as tuberculosis, 

mechanism to include more and more types of canerr, nnil polio; (5) most plaivs do not make 

iHKi'nessis and sfmflar activities, an<f (liegreatrr prtivldon for treatment of mentally ill. althoii^i 

a'TiilabilUy of other Insurance programs, Itw this h half of all bug-term liospitali/ation {there 

accounted for g.Uns in less densely populated arc itow some 0.5 million patients in puhhcnien- 

slates and regions. tal hospitals, and only 1(7 to 15 percent of tlic 

Tliere arc stDl soine.i;larini;.53psiivlhlsvol«n- 17 million Americans needing some sort of men- 

tary health insurance system: (1) farmers and tal care are getting it); (6) most plans do not 

other people In rural areas are ncglocteif Ins inchnle peripheral hut necessary medical Iwne- 

causc tlicy are hard to reach; (2) only 30 per- fils (for example, dental care, nurting. amhu- 

cent of those housetiolds witli annii.d Incomes bnce service, etc.). 

under $2000 (and under half in the $2000 to Everywhere the defiacncy in medical per- 
$1000 range) are covered; (3) the aged are left somiel ant) bsliiiitbnal fanhOes falls more 



Du. 5 Unit«IS(iitMi{>crrcnlcifr«adenlt>ui>iil4tien«>hbsaiper«nii»IvslunUiryhciiUhli]mni 
by tUlei. IDm. (Ilnllh tniurance Condi) 




470 


Com«n-it»n of Natural Roourte* 


hcanly on the rural popubtion. Some 70 p«' 
«nt of American phesicLins Ine in llie metro* 
politan areas, uhich has'c less tlian half of the 
total popukUon. Urban-Industrial states reg- 
ularly report m er ri\ice as many tLi>i of bos- 
pital care per 1000 population annually as do the 
more niral states. 

Aeriiirnial Deni/i. Althouj^ accidents are 
largely amenafile to control, they account for 
nearly 7 percent of all deaths each year. They 
are among the first fi\ e causes of death at every 
age period, and oufratil. every disea.se as abHer 
among children and young adults, Motor vehicle 
deaths account for two-tflhs of aD accidental 
deaths, vsith a tenth of the loss among tliose 
under 15 vears of age, about three-quarters of 
the loss in the productive age period (15-64). 
and the remaining arrmng persons 65 years of 
age and over. 

The accidental death rate at all ages com- 
bined is over tuice as high among males as 
among females, reflecting not only greater es- 
posuie to occupational and recreational haz- 
ards, but also greater daring. 

.Motor vehicle mishaps are dominant at eveiy 
period of life under age 65— at the older a^ 
they are outranked only by falls. Among males, 
motor vehicle accidents account for about a 
third of all accidental deaths in every agepoup 
(at ages 20 to 24 they account for two-thiids of 
all such deaths). Among females, motor vehicle 
deaths are relativTly more important than 
among males dunng the greater part of life — 
however, in terms of actual death rates, females 
consistently have the more favorable experi- 
ence. 

iVegfeet in Lsin^ Handicapped .4<fuftf. 
Nearly 1 of every 10 Americans in the produc- 
tive age group has a disability that hmib 
activity: there are about 5 miOion with heart 
disease, another 5 millioD with ambulatory 
problems; hearing diSeulties affect 6 millioD, 
and 7 milhon have arthritis, to rnention just 
the hugest groups. About 7 nuDion draw pay- 
chechs, those who do not collect more than 
$0.8 billioD annually in public assistance pay- 
ments. Since die government, in cooperatioa 
with business and labor, began an intense pro- 


motional campaign alioul 15 years ago. over 
4 million handicapped workers have been 
placed in jolis (including 1 million rehabilitated 
and retrained, and alwut 0 6 million disabled 
veterans of World War 11 and the Koresin cem- 
flict helped to obtain private employment). 

Alioiit 2 million woriers are Injured each yerr 
in job accidents, of whk-h 75,000-S5,000 s^er 
permanent dwabihty.TbCTebaliachlogofsome 
2 million wofiers with handicaps incurred in 
past years. 

The Office of N'ocalional Rehabihtation. one 
of five major programs in the U.S. r^partment 
of Health. Education, and M'elfaie, aids Snan- 
cially state agencies to help place the handi- 
capped in jobs. Some 0.2 mi^o are now placed 
yearly tinder this program. However, of the 
severely handicapped (for esample. by hlwd- 
ness, loss of a limb, tuberculosis, epilepsy, and 
other crippling diseases), only a relatively few 
are permaDroUv employed 

Co»r o//Vejudlee. Tte Negro and other noi»* 
white petrple throw^^t the Uoited Stales have 
advan^ along many fronts in recent years; 
(1) their longevity has increased, (2) their edu- 
cational levid has been raised, and their social 

and economic statits has been measurably im- 
proved. However, the Negro’s economic 
have i»l come up to his dramatic progress in 
the pohtkal and social fields. On the farm there 
has been httle, if any. improvement. Off the 
fann, at least in the Swth, the colored man has 
not done much better than bold his own, if yr*> 
first fliscrxint the gains that indistrializahcm hs* 
brought to the population as a whole 

The w hite m-vn K'a^ had two reasons for chs- 
cr iminatin g against the Negro smee he brou^t 
him to the United States. The first was eco- 
nomic; the second vias social 

The first “need" is disappeanng more swiftly 
than the second, but half of the Negroes are stifl 
poor by the government's official definition-*’ 
More than 75 percent of Negro families earn 
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less than the $6500 average annual income of 
while families. About GO percent of Negro fami- 
lies still earn less than $4000 a year, against only 
25 percent of white families. About 5 percent trf 
Negro families earn $10,000 or more a year, 
against 20 perewit among white famihes, 

Because of inferior medical and cnsdronmen- 
lal conditions, the life erpectanoy of the Negro 
population is 6 years less than that of whites at 
birth, 4 years less at age 20, 3 years less at age 
40, and 0.5 year less at age 60.^* With increasing 
urbanization (now over three-quarters) and 
Improving levels of liNang, the gap between the 
Negro’s and the white man’s life span is narrow- 
ing 

Improvement in housing comes slowly. Of 
new, privately hnanced dwellings built by pri- 
vate biulders In the past generation, only 1 per- 
cent were fidiafaited by 10 percent of the popo- 
btlon wldch consists of Negroes. About a t)^ 
of urban Negro fatnilies now ou-n ibetr ouu 
homes. 

The foundation of the Negroes' economic 
progre» is tlie fact that large numbers have 
left farm and domestic work and have gone into 
Industry since the cessation of European immi- 
gration In the 1020’$. Of the Negro farm-work 
force before World War It, about one-third has 
been pushed or pulled off the farm. 

Almt 35 percent of all Negroes now live fa 
Southern urban areas, and 40 percent ui urban 
areas elsewhere.** About 23 percent of all 
Negroes now live in southern rural areas, and 
nearly 2 percent in rural arear ebeubere. Just 


'« CunenUy. two-Bilhj of the nonwhile mele b»bi« fd «• 
birvive to ige 60, eompered *>lh only one^iurter of ihe 
while. Among femsles, the disperity U even greeler. lo 
»D darag the ehOdbetriog period ond weO beyond, the 
nwruiily nie for nonwtiile frm»t«» b double or nor* thM 
tor while fciniles. Sinee 1900. ihe life eipectiney of the 
h'egto inrant bou dooMed. 

“ 0>w hiJf of dl Negroe* now hw In eentrmi cite. (Ike 
other quirter of urben Negroes liro in imell ci«e« md 
"mhiogton, D a fa oow over «0 percent Ncgn*. *» 

yw». if present popubtlon trend* ere nrithmelicwy 
Joctfd 6ilo the Culuro \egroet wfll he in the in*.|«ro1y m 
BeJlimore, Chiego. aevrUnd, Detroil. nod St toufe 
to the deewle following. Phibddphfa. Tbfa Nepo P»P*^ 
tion mploson*’ in the wntrol city inilefce* the «ii/le 
tion eiplodon far the (uburben ring. 


over 40 percent of the total Negro population 
DOW live m the North and West, whereas just 
under 60 percent still live in the South (Fig. 6). 

The vast ma|ority of the nation’s 7 rmUion 
Negro worlen are massed in low-paying jobs. *9 
Among Negroes with jobs, rou^y a fifth are 
in white-collar jobs, compared tvith about half 
among nhite workers. Over a tenth of all in- 
dustrial workers now are Negroes, but among 
skdied workers and foremen, the Negro pro- 
portion is still less than 5 percent. Negroes still 
comprise but 3 percent of college teachers, 2 
percent of physiciam, and 1 percent each of 
bwyers. reporteis-editors. and managers. In 
general, Negroes get less pay for the same edu- 
cation. have a hi^er unemployment rate.ff and 
a growing income gap*^ compared with whites. 

In some ways, die problem of the Negro is 
stiff mainly concentrated la the South, tiace 
nearly three-fifths of the country's Negroes still 
live there. Considered as a whole, the South was 
more than ooe-third Negro at the turn of the 
centuiy, was less than one-fourth Negro in the 
early 1950’s. and is oow less than one-fifth 
Negro (the Southeast is now about one-fifth 
Negro, the Southwest about 15 percent). The 
Middle Atlantic and eastern Middle West areas 
are nearly ooe-tenth Negro, with other regions 
(New England, western Middle West, Moun- 
tain. and I^ific areas] under 5 percent Negro. 

Most iraporUnt, the changes now occurring 
(D the South — urbanization, Negro outmigra- 
tion, and the breakdown of social isolation— 
are rapdly nanowing the difference between 
the South and the North. 

ritOBLEMS OF MMNTENANCE 
AMONG TIIF. AGED 

Under moitahty conditions prevailing in 
1850. the expectation of life at birth vvas less 

About half of tbo (non and tn-iMhlrd* of the women aro 
etdl befow the semukilfeif Irret 

t'For mmplc. In the fummrr of I9C3, t4 peroenl of all 
NefroyouB^len were unable to find worit, whereas this was 
troe of only 9 pervenl of afl white adoleseeols. 

t*Tl>e Dtedian ioromc of Nepo fanlliei dropped from hs 
b^ofSJ pemol ef while fecome In 19S3 to S3 percest in 
19 65. at which level H has remained. 
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than 40 years. By 1963. the figure had risen to 
70 years (67 years for males, 74 years for fe- 
males). The average American who now reaches 
age 25 has more years of life before him than dd 
the average newly bom baby at the turn of Che 
century. The average American who now 
reaches age 50 has a presumable life expectancy 
of 75 or more years. 

This remarkable longevity record ts the re- 
sult of many factors. (1) The striking advances 
achieved in the medical and allied sciences Imve 
been made widely av^able throughout the 
country. (2) At the same time, official and volun- 
tary public-health agencies have multiplied m 
number and broadened the scope of their activi- 


ties. (3) In addition, our health and general 'veil- 
being have benefited greatly hom the rapid rise 
in the level of living. 

The extraordinary progress made m pro- 
longing life during Ae past century reflects- i” 
the main, the effective control gained over the 
communicable diseases, Such as pneumonia aod 
influenza, tuberculosis, diarrhea, nephritis, etc 
Three out of ten children bom m 1900 were all 
dial could expect to reach die age of 70. 
out ten children bom m 1925 were expected 
to reach TO; five out of ten children bom in 195® 
wiD live to be 70. Future gains will be more di®' 
cult to achieve because they will depend largely 
upon reducing the toll from diseases which, in 
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the present state of toowledge, are for the mcBt 
part of obscure or unknown origin-'® Vet there 
is reason to believe that some advances sviH be 
made In fending off such causes of mortatity as 
the medical and anitaiy sciences continue to 
develop new knowledge and to make more 
effective use of what fs already known. 

Neglect of Older UorAeri. The naticm has 
made less and less use of its older citizens in the 
past half century. As compared with over two- 
thirds of the men 65 years of age or older 
counted in the labor force then, only one-third 
are now employed. One reason for the decline is 
the shift of the population from the farm to the 
city, where it is more difRcult for an old man to 
keep H'orking. either full time or part time. A 
second reason is the development of soda) 
security and other pension systems which «► 
courage retirement at 65.^ A third reason is 
the premium w-hich our present industrial sys- 
tem puts on y’Oiingcr workers. 

The Dum^r of persons in the populaiioa of 
the United States age 45 or older is sow nearly 
50 millions, and by 1875 may make up approxi- 
mately half of the adult popiilation. 

For Uie most part, tlie prejudice against older 
workers goes back to a period "hen physical 
effort was relatively more important in the labor 
force than at present. Actually, younger men 
and women are lietter only in physically ex- 
hausting jobs. the type of job where the machine 
is more and more substituted for human effort. 
In more highly skilled jolw. there Is a tendency 
for skill and judgment to increa.se with experi- 
ence. The older workers haie greater "know- 
how," display greater patience, cau.se less waste, 
and are less frequently absent. 

>» If it we pnni^te lo pmenl «U *8' 

npecSation of tifeef Mnh would he tn<Te««cd «hi>ul S/rtn. 
S«lK(«ntu» gaicu In future oBI he dcpendenl Urgefr oo 
out tureevr in fUTvenlinj or podponin* •!»« eirdimowular. 

retui dheevs and t«ncer,»hieh ore Ore preponderonl c«i« 
of death In dw middle and later yeaM of Me. Tre djBrcuIlie* 
ate Indkited by the faH that, in the paat gerremUor. the ea- 
peelaticnofMe at age SO ha« breien»ed 1 year for trhile oren 

>• Smrmi; malea ageJ <»-*<• thrre^iuarten of aH aepam- 
li«* from f.»re are due to retirement, and mily 

one-rjuarter to deatK 
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economic* of the Aped Dei>endeiit, The 
problem of the aged, once dealt witli adequately 
on the family’ or local level, has become a na- 
tional problem affecting economic, social, and 
political affairs. ITie growing number of aged 
affects the economy by altering the consuming 
market, influencing union demands, making an 
impact on finance through investments of in- 
surance and pension funds, and by possible de- 
velopment into a cohesive, special-interest poli- 
tical group. 

During the past half century, the number of 
people over 65 has been increasing twice as fast 
as the general rate of population-growth. This 
group of retired or retinible now constitutes 
about 93 percent of the total population (Fig. 
7). As a bloc, this group Is gro'vmg older, is pre- 
dominantly white, is predominantly female, 
aod is commonly no longer part of a family 
group. Since the majority of such people is not 
wholly self-supporting, they represent a burden 
on society already faced ^th increasing pres- 
sure from young dependents. 

The arithmetical average income per person 
over ^ in 1963 was about $2,000, only a bit 
below the national average of $2-143. However, 
much is obscured by the term, "average”; the 
median was less than half that figure, and tlic 
distribution Is much more revealing. Actually. 

1 in 5 had an income of under $1000 a year,*' 
and half had less than $3000, with only 5 percent 
having an annual Income of over $5000. About 

2 rat of 5 had L'qiud assets of under $300. over 
two-Uiirds had bquid assets of less than $2000, 
and only 2 in 5 }«d such as.seti in excess of 
$5000. About two-thirds owned their own 
houses but the value was iMually small and a 
single long illness could wipe them out finan- 
cially (chose over 65 use fs'O to three times 
as much medical care as those under 65). 

Nearly half of the 16 million eldetiy had no 
health insurance coverage in 1965. Aliotit IS 

r* CKtt Iwir ct thb poifp b«d DO bx-omei ond D-trr do- 
pc^dfDl DO |J>rtr l-liiMw, fmhbc aAj,Untr. CHmll, 90 
penvnl lit Ibc tMrHy Dbn dul not bve wflh tbrir cMUrco 
rocrt.oil DD cod» cunlribuUoiu at atl Irani Birinbrfs ol ibrtr 
fanstr. 



T I. oArd pnrml ef Uw tat<t p<puUt>n> al ac* I 
ol tbe C« t'.V. Drparfnral tt 

pcTCrnl ^cre ^cf^' «cV and uiulJ^ to pay for 
thrir jnrJitnJ riprnv^, of this pwp. PO prr- 
c«nl <*«« insured ar*d 40 per«nl depended on 
children, other rrfjlivri. or charilaHe and wel- 
fare *j;enoies. 

Some 3 pesrenl of the nation's elderly hare 
been forced to pve up llie Bght for self-reliant 
existence and have entered one of the tbox- 
sands of institutions for the aged that rao£e from 
expensire. pnvate maintenance to puhhe 
squalor. 

Slightly less than two-thirds of the elderly 
ciUaeas' income is from pnvate sources. Less 
than 10 perrent of the elderly art recenu^ 
pa>-mcnts from a pris-ate pension plan, and 
thw account for less than 5 percent of the total 
monetary income of the aged. The retnainder 
of the income is h-om social security, radnud. 
and civil semce pensions. 


• ■»•{ ajin. IMS. 

The federal government in 1963 distnluted 
morrtlian SI5 hdltonln lienefitt andsemersto 
persons 63 veart of aep or dUler.~ .4.l*xil 14 
mtihon ((ndiiding some tender 65) recei'cd 
monthly social setvnty lienefits. the average 
wceHv socul secunty pension for a cotiple 
only SA. 

Ilowever. older people may he less of a prob- 
lem « lime goes on. For one thing, altbourfi 
older dependents are increasing rapidly, there 
wiD lie fewer total dependents, since the nsem 
aged a cownteriialariced bv snufler famdies. 
more wording women, and perhaps greater u« 
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oF older worken. Tlie gross national product 
may rise cs'cn faster tlian tl»e number of tJd 
people, so it mav cost less to provide for the 
aged Even if wirlfare for the agc«l sliould be 
greatly Improved maintenance is unlikely to 
rise above 5 to 6 percent of the gross national 
income, about tsvice the present fraction. 


1’EKSl‘ECnVE 

Gradually, American society is providing pro- 
tection against the five major haaards of eco- 
nomic security: unemployment, sickness, dis- 
alrility, old age. and dealli. More and more it is 
accepted tlut a hi-althy and prosperous soacly 
cannot lie established and maintained by con- 
stituent mcmlicn hantltapped by overwhc m- 
ing burdens of poverty, disease, and Ignorans-e 
Progress mailc In the pubtic-healili sciences 
during tlio past half century has made it dear 
that the heavy Inirdcas of disease can. in large 
measure, be Uflcd by the application of saenll- 
fic knowledge already available, and each ytu 
the results of public-health research ye broad- 
ening the areas of posrible control. Future ad- 
vances in health and reduction of morUlity 
should ^ve us a groivlng pool of older WjorVers 
«ho wiU add greatly to our potential of man- 
power and eitpcriencc. 

From the point of view of economic prwo^ 
tivity, the age distrilmtion of our populMion w 
such that an increasing proportion of our 
worken will be old. so much depends on «>r 
making effective use of our older worke^ m 
Working-population possesses high skill 
initiative, has excellent technical and manage- 
ment leadership, and is tooled with the in» 
productive industrial machine in the wor 
The average level of formal education and oc- 


cupational training has nsen constantly during 
the past half century, and the trend suggests 
that it will rise to much liiglier levels in the 
[litore. We stiU have a growing population, and 
the ratio of tlie lalwr foa« to the total popula- 
tion is $tiU capable of expansion, mainly because 
technical progress is continually relieving older 
women from routine household tasks and exces- 
sive chadbearing so that they can work outside 
the home if they wish,** , . . , 

We arc not exploiting suffidently Uie intel- 
lectual resources of the nation. Much more can 
be done to identify the bnghtest youngsters, en- 
coiir^e them to plan on higher education, offw 
them opportunity to work in their chosen fields, 
Eive them financial and moral assistance when 
Swssary. and give them the kind of education 
llttt win allosv them to go aliead rapidly to take 
their places among the Intellectual elite. 

We are not using to Oie licst advantage the 
poKntiJitfes of our older pcoplo. 
We do not wish to have a social framework In 
which die elders and old tradiUons are Inviolate 
nor a situation in which oldsters become beg- 
gars, or suffer from social isolation. New ways of 
maintaining economic solvency and self-respect 
for the old people will have to be worked out 
as an increasing segment of our population 
liccomes aged. 

MOn •vfT»ge. Am"!™'’ w>awn mirriM it SO.tiM 

,»o ®r l!.r« Chilian, and «p«t Ic. I.« to »ht ne 
TawtOd. be, 30 useful ye.n e*e„ 

_,W up Some 40 percent of ill women worW in I^. 

I h, |j,e lubor force mere»»«i by S SS percenl. men 
. Tl.iit nar women mode up 51 percent of 

only I 4 Jicreent TliM y««r women iii« e r 

5^^ Tbry comprfwd 85 percent of dl 

end 4T pcitcnl ot ell eccondiry tehool lcechm, but 
oJ^nrnl X fit phyrideM «.d k» lh«. 3 pereer.1 of ell 
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CHAPTER 22 

State and Local Planning 


We are an urban nation and daily becoming 
more so. 

That some seven-eighths of our nation's popu- 
lation live In the urban manner, at least divorced 
from the soil os a direct source of livelihood, isa 
fact that cannot be overlooked in any intelligent 
approach to conservation and wise use of wr 
resources. Tlie distrllwtion of the bulk of the 
population In the urban maimer, as opposed to 
the older rural pattern, inewUbly Introduces a 
new set of values to many of the natural r^ 
sources. The concentration of population in 
localized areas means greatly Increased land 
values in particular localities as well as a high 
density of population and investment on those 
lands. Tliis becomes dramatically evident as a 
rain-swollen stream spreads over a valley flow. 
If this occurs at a season when crops are rot in 
the Geld, the inundation of agricultural bnd 
may cause only Uie mildest of inconven«nce 
and may actually increase the productivity of 
the bottomlands. On the other hand, when 
these same waters in the same valley sp”’f“ 
into a great city at any season of the ycat, w 
economic loss and general disruption may be 
iminease. 

Also, conveniently located bodies of water. 


or land, or foresU. or even such intangibles as 
enjoyable scenery, take on added economic, 
psycholo^cal. and Iherapeulic values to tlie 
extent that they may be available for recrea- 
tion of a segment of the population living m 
lil^ density situalions in the urban manner, 

Tore, food and fiber still come largely from 
the soil But it is in the cities where most of 
our goods are processed and our wants are 

niE HISF. OF OnCANIZED PL-kWlNG 

There has always been planmng of sorts m 
virtuallv every aspect of human affairs and 
biitnan’endeavor. Planning of sorts character- 
iws daily decisions of individuals, young and 
old abke. But the kind of planning discussed 
here is the organized, and usually official. 
looWng-^ead and the appbeation of profes- 
sional eflbrt in orienting the decisions, actions, 
and developments of society in a manner best 
suited to achieve what will be needed ordesired 
tomorrosv. 

Some Early ExampUs of Plannmg. City 
planning of a specialized sort characterized the 
conscious design and layout of a number of 
■«7!> 
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the European cities, even those dating back 
2000 years. The compact design and remnants 
of the surrounding fortification svalls of ancient 
and medieval cities are still observaUe. Plan- 
ning in those cases svas mainly to secure a close- 
knit urban unit susceptible of defense against 
opposing ground troops. 

In this country, conscious premeditated de- 
sign characterized early planning of Philadel- 
phia, Detroit, ^Vashington, D.C., and a scatter- 
ing of other cities. 

In the 1920's designs for reconstruction and 
extension of a number of dties were made. Some 
of these were carried out in whtde, or in part, 
but many remained primarily as designs on 
paper. There was widespread recognitioo of 
the public interests in the proper and com- 
patible use of land, and the zoning of Uods 
for specific uses was imdertaken in a number of 
tlie larger cities. 

Organisation of Stale Planning. Tbe early 
1930's saw considerable federal stimulus to 
organized and official planning among tbe states. 
Establishment of the National Resources Board, 
and later the National Hesources Planning 
Board, constituted federal recognition and set 
the stage for stimulation of the states to organize 
coimterparts. It was a time of much experimen- 
tation for there was relatively Utile in the way 
of achio'ement to use as a guide save vsorksuch 
as that which had been done in the 1920’s in the 
cut-o\er lands in the Great I^es area. 

By 1936 there were forty-seven state plan- 
ning bodies across the country. Under federal 
stimulation and limited leadership, these en- 
gaged in a great deal of ^gorous activi^, 
especially in the collecting of data, the making 
of resource inventories, the publishing of find- 
ings, the making of special studies of resource 
problems, the drafting of legislation, and in 
kindred activities. -Many of the states had set 
up slate planning agencies primanly as the 
result of federal stimulation, and in some slates 
there was liltle or no understanding of the pro- 
ductive functions which the state plaiming 
agency migftt perform, nor real consc-unisness 


of a need for such a body. Under these circum- 
stances. some of the agencies functioned until 
the pubbe insisted on constructive action, or 
until withdrawal of the appropriations support- 
ing the agency. 

Only relatively few of the state agencies set 
up in the middle I930’s survived and functioned 
continuously to date. Outstanding among those 
re tbe Tennessee State Planning Commissioa, 
with its continuing strength in city-planning 
services to the small cities, the Alabama State 
Planning Board long achieving a balance of 
planning and economic development, and the 
Pennsvivania State Planning Board which has 
performed signal work in planning services to 
the office of the governor. 

During 3\’orld War II many long-range pro- 
pains were shelved, either because of shortages 
of materials and workers or because of wilh- 
diawal of federal aid ("TA, PWA, etc.). The 
activities or fom of many state planning agen- 
cies were changed either to gam immediate 
objectives of national defense or to contribute 
more significantly to the war effort These cir- 
cumstances meant the demise of many plaiming 
efforts both at local and state levels. 

As the fortunes of war began to turn, concern 
over planning problems became very wide- 
spread. even popular, in cities and state capitals 
across the nation. Questions regarding the 
economic future of cities and stales found ei- 
piession in a flurry of public and pnvafe orga- 
nizirig for the purpose of providing jobs for 
veterans when they should return. State-level 
activity found expression in vaiying forms- In 
some states, the industrial-location efforts of 
established state-planning agencies were 
stepped up. in other states, departments of 
commerce were created, and advertLsmg pro- 
grams aimed at industry and tourists were m- 
augurated But there was neglect of mans 
worthwhile aspects of resource or area devefop- 
inenl .■4s a result many stales are now moving 
m the direction of more comprehensive effort* 

ID planning and development, either in a sin^ 
agency or through parallel organizations 
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SUte and Local Flannin^ 

For best results in the legislative and admin- 
istrative programs of state government there 
should be a strong planning staff addressing 
itself to work and problem solution, which mtst 
be done by a plamiing office high in slate gov- 
ernment and operating as a close staff arm of 
the governor. ■I)pes of functions /ailing Into this 
category are illastrated herewith, 

FLAN.VINC OV A STATE-WIBE BASIS. IntO thiS 
cla-ss of activity fall the planning operations on 
which many stale-wide programs should be 
based. If state parks are coasidered as a state 
service to the citiaens, state parks should not 
simply be clustered either in a scenic comer of 
the state or in a pohtically pivotal group of 
counties. Bather, they should be located and 
developed in a pallcm designed to render rea- 
sonable service to all of the citizens. Hospitals 
and other Institutioas ought to be disW^ited 
across the state in patterns related to the fwpo- 
latlon density. Planning for site acquisition, for 
liie size of establishment, and for function to be 
performed should be settled in advance of an 
appropriation. 

COOnniMATlON BETWEEN PBOCHASfS AND HE* 
twsen ACENCies. Coordination can take a 
variety of forms under vaiylng circuinsiances. 
In one agency several years ago, without a for- 
malized, eapital-btidgeling procedure at the 
state level, stale-planning personnel visited 
'■anous institutions and agencies other than the 
highway department well in adv’ance of a meet- 
ing of the le^'slature to collect information on 
the probable requests for appropriations. The 
total derived by this approach was nearly 50 
million dollars, and, obviously, there was not 
that amount of money in sight. The vanous 
offices were revisited, and revised estimates 
were secured wWch reflected much mote real- 
istically the needs of each agency and wlddi 
totaled 10 million dollars less. '^Tien these re- 
quests were finally laid on the governor’s desk 
and were transmitted to tlie legislature for con- 
sideration. tJie task of making decisions and ap- 
propriations had been vastly simplified. As a 
result, no agency or institution war wastr^y 


ovetsup(died with money, and no agency or 
institution was stifled for want of money occa- 
sioned by exorbitant amounts being channeled 
in other directions. 

PLANNING ASSISTANCE lO THE VAfUOUS OPEB- 
ATiNc ACENCIES. Relatively few state agencies, 
except perhaps in Ihe very largest states, have 
maintained or could maiotain justiflably pro- 
fessional planning personnel on their own staff 
lo ^ve the proper attention to projecting their 
plans and outlining their needs into the future, 
to do advance work in site selection or site plan- 
ning. or lo perform related work. Just as Uie 
office of the attorney genera] is the source of 
legal advice for a variety of state departments 
(as opposed to maintaining their individual legal 
staff) so a comparably competent planning 
agency should be available for professional plan- 
ning advice and assistance to other state agen- 
cies. 

A STAFF SERVICE TO THE COVEBNOB, Ai State 
government grows larger, more complex, and 
more expensive, so the governor's needs for staff 
assistance increases. Few governors relish the 
prospect of adding indeflnitely to their own 
personal staffs, if no reason other than the prol>- 
ahdi^ of criticism from poLtical opponents. Yet 
Ihe governor needs access to a technical plan- 
nirig staff to vvhkh he can refer appropriate 
matters for investjg;ation and can receive a reply 
in whatmer degree of confidence he may 
specify. His position is immeasurably strength- 
ened if such a staff has been developed and If 
that staff has earned a reputation w hi^ w ill ^ve 
great weight to its foldings. 

The Council of State Governments has sug- 
gested that each slate consider an office of 
planning services in the executive branch, with 
a trained staff, to function in an informational 
and advisory capacity lo: 

1. Assist the Governor in developing objec- 
tives for current and emerging trends. 

2. Compile an invenloiy of current basic 
data and undertake research in various problems 
of state government. 
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3. Review and suggest means for coordinat- 
ing the plans of state agencies. 

4. Suggest to die Governor alternative 
courses of action, indicating the consequences 
of each course. 

5. Assist the departments in their {banning 
effiarts.* 

SERVICE AS FEDEBAI-LOC.AI. I.VTERMED1AHY. In 
the welter of federal regulations, federal stand- 
ards, federal aid programs, and even direct 
federal projects touching areas that are nor- 
mally under the jurisdiction of local govern- 
ments, there is rarely appredahle coordination 
among the various federal eletncnls before the 
full impact of their programs, construction, or 
influence bursts upon the locality. Oftentimes 
even when things seem to be working at cross 
purposes, the lo^ government has neither the 
technical staff fadfities to insist on coordination 
nor is there much inclination to question a 
project, especially when the undertal^g is be- 
ing financed either entirely by federal (wds or 
on what appears to be a very favorable match- 
ing ratio. 

PLANMKC LN QTIES AM) 

URBAN AREAS 

The growth of aty planning as a profes- 
sional Geld has been little short of phenomenal 
since the middle 1930's. True, therewere a num- 
ber of dty planning commissions, dating from 
earher years, but some of these were direct 
lineal descendants of the “City Beautiful'' move- 
ment which developed after die Cohimbian 
Ejqrosition in 1892. This exposition had the 
effect of introducing into the consciousness of 
many political and dvic leaders the pos^bte 
grandeur and enjoyment of a form of civic art 
expressed in monumental pubhc buddings, 
boulevards, and landscaped open spaces. Afore 
practical oificials were confronted with press- 
ing problems of finance, of avoiding mistakes 

■ nonnif^ Srrricva /or Slau Corrm$nmt, Tlie CouncC of 
SUte Covrmmenti, Chic*so, March 1956, p. 42. 
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sudi as too-narrow streets, and of wanting to 
be able to foresee more clearly the character 
and direction of urban growth and the accom- 
panying need for community facihties, such 
as schools, parks, and utilities. In 1937 the 
National Resources Planning Board had iden- 
tified over 1700 focal jdanning commissions in 
dties and towns. By 1964 that number had more 
than dxibled, and in addition a majority of 
these oSdal bodies offered employment to one 
or snore professionally trained staff memben. 
The competition for professionally trained per- 
sonnel fiM meant at least two jobs are at^ilable 
for every professionally trained man; the field 
has become one of many opportunities with sub- 
stantia] salaries. 

Organixnrion /or City /Yonning, Authonty 
to undertake and to enforce planning in dties 
or other localized areas comes as a grant of 
power from the stale. The enabling legislation 
necessarily coven a series of specific aspects, 
both powers and duties. 

There will be one body of law dealing ivffh 
the establishment of the official planning body, 
outlining the method of choosing the body's 
membership and number and establishing the 
place of the planning body in local government. 
In roost dties the planning work is carried on 
through the establ^hment of a board or com- 
mission, usually dominated by citizens, which 
exercises direct administrative and policy-mak- 
ing supervision of the technical staff. Thus, the 
planning process becomes at one and the same 
tune a technical and professional contribution, 
as well as affording a forum for civic thought and 
a Unable outlet for civic service and expression 
on the part of a group of citizens. 

Another body of law will deal with the estab- 
lidiment and administration of zoning within 
the local junsdictioo. It will provide the means 
for arbitrating or adjusting those cases where 
the strict application of the zoning regulations 
may Work undue hardship on the individual due 
to particular and peculiar circumstances beyond 
his control. Ordinarily adjustment is allowed 
only in relation to such unavoidable circum- 
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stances as unusual sliape or-size of a parcel of 
land or difficult topograpliy rendering a pared 
unusable if the zoning regulations \vere arlri- 
tranly applied. 

Another body of law will deal with local con- 
trol over the subdivision of land. The way the 
land is subdivided has a more or less permanent 
effect on the community. Persons come and go. 
live and die, and otherwise move in and out of 
an individual house. Even houses are built, grow 
old, are tom down, and replaced within the gen- 
eral framework of lots and streets with rela- 
tively httle impact thereon. In order to cope 
intelligently with the many aspects of the prob- 
lem of land subdivision, the state enacting 
le^latioD generally will convey fairly broad 
powers so that realistic treatment can be given 
to the Mdth of lots, width of streets, strert 
grades, set-back lines, and to the eitcnt to which 
die developer will make physical improveroenU 
In connection with his lots. 

Because of the many facets of urban constiw 
lion and urban life touched upon by a go« 
planning program the legislation ordinarily wul 
require that public hearings be held before some 
of the more important regulatory steps growing 
out of the planmng program are taken. 

In some few dties the planning staff Is more 
nearly an adjunct of the office of mayor orol 
the city manager. In Greenville, South Caro 'na, 
for e^ple, the staff reports much more 
directly to the chief administrative officer 
to the legislative body of the municipality ftan 
do the planning lechmdans in most American 
cities. There is no denying the efficiency of suA 
an administrative rebtionship and there b 
rt»m to demur as long as the planning is 

11 Ith people rather tlian /or people. 

Sc^e o/C.-|y Planning ITork. Official pi- 
ning agencies, as arms of local goverom 
number several thousand across 
Virtually every municipality of 25,000 or o 
has an official planning body, as do many sm^ 
municipalities, tosvns, losvnships, or coun 
In many of the counties svith offici ^ 
agencies, the agency may concern i 


basic public works, such as the county road sys- 
tem, and with the zoning of rural land to prevent 
unsightly development along highways, to 
achieve compatibility among land uses, or to 
encourage conservahon of the soil. In the muni- 
dpahties and in the urbanized but unincorpo- 
rated suburban areas, pbnning studies ordi- 
narily are essential to wise development. Even 
though the most widely known product of the 
planning process may be zoning, devoted and 
unpaid bymen are at work continuously in be- 
half of the eommumty. Their work constantly 
leads to decisions regarding the use of bnd and 
other resources, decisions that are essential in 
an effective conservation movement. 

City planning work often finds its principal 
expression in tlie form of plans for petfecUng, 
reartan^ng. or projecting the physical aspects 
of the community. Thou^ the plans may 
largely with physical things, they are not hkely 
to be good plans unless many historical, eco- 
nomic, sociological, and psychological factors 
have been taken into account. 

Good pbnning and plan preparation seem 
like a slow process because of theintneate inter- 
rcbtionships which must be taken into account 
before arriving at individual planning decisions. 
To lUustralc: to drain a swamp may be a step m 
the direction of achieving more bnd foragricul- 
twal tillage, but the draining of the sivamp and 
the elimination of that vrater body will have 
ramifying effects on fish and game, mcluding 
migratory water fowl. It will mean the disap- 
pearance of the swamp as a water retention 
basin and ground water recharging area. Also, 
the drainage action may ultimately increase 
flood hazards, accelerate erosion and siltation, 
and may affect adversely the falling water table 
over a considerable area. 

Planning decisions in urban areas usually 
have even more complex and immediate rami- 
fying effects. In the subdivision of a partiailar 
hinge area, perhaps a particular street ought to 
be extended as a major street of generoas width. 
To have such a street may be very desirable, but 
with this decision the pbnning docs not stop. 
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By virtue of its generous widtL and good align- 
ment the street soon carries a considerable vol- 
ume of traffic. Businesses may be estalffished 
along that street because the heavy travel would 
make this frontage a good place for business. 
The street will also give better access to outlying 
sections, and the owners of the land in those 
areas may bcpn to lake an interest irr subdivid- 
ing. As lots are sold, residences are built. These 
csffi for new or enlarged schools. More people 
and more institutions out that way mear» new 
facilities such as water, sewer services, and bus 
sersices. It is to be hoped that these ramifying 
developments can be sufficiently foreseen so 
that the water and sewer lines can be laid in 
adequate size before the streets are paved. 

/Wcerfiire*. The first step in developing a 
plan Ls the accumulation of some of the working 
tools of planning. Predomioant among these are 
maps of various sorts. They constitute an inven- 
tory record of the status of the community at 
that time. Many of these maps are common to. 
or used 1^, a number of disciplines and profes- 
sions — geographers, englneen, and insurers. 
There would be adequate base maps showing 
streets and lot lines. There should be maps show- 
ing installed utilities, incluiUng both the netwodc 
of the various systems and the capacities of 
their various branches. Maps showing land in 
public ownership and semipublic holdings WiQ 
help contribute to an understanding of the com- 
munity’s institutions. Land-use maps wi0 show 
at least the major groupings of uses, such as 
residential, commercial, industrial, and vacant 
(Fig. 1). Topographic maps arc virtually a 
necessity. 

Taking into account the past movements and 
the evident trends of the population, chartsand 
assessments should be made of the prospective 
future population so that they loo will benefit 
by present decisions. An understanding of age- 
sex distributions of people and racial or natioiial 
groups is important in planning 

.A study of the economic base is essential to 
good planmng. An examination of econonne 
trends will necessarily take mto account boBi 
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^te and situation of the local jurisdiction and 
will involve understandings including such fun- 
dameritals as tlie natural resources within the 
hinterland of the particular community. Eco- 
nomic elements such as transportation facilities 
and the general competitive position of the com- 
munity also enter into final decisions regarding 
future developments. 

Having established a general picture of the 
comitHinily’s future in terms of population and 
economic function, with an understanding of 
the attitudes and aspirations of the people, it is 
possible to think in terms of space for the people, 
of transportation facilities, of quantities of 
water, eiectricity and gas to be provided, of 
sesvage to 1>e disposed of. and of institutiom 
and Community faciliUes such as parks and 
playgrounds. Total space will be dependent 
somenhai oo lie space units desired by the 
comanunity. In Baltimore or Philadelphia the 
people are acrustoised to less land per family 
than in St. Louis, Detroit, or Kokomo, land per 
family for residential purposes wiB be influenced 
by zoning and wiD be provided under the sub- 
division regulations. Land for industry needs to 
be provided and protected by intelligent zoning 
And to be comp^tive with other communities 
under the new standards and practices of in- 
dustna] plant construction, space must be avail- 
able for five to ten times the floor area of new 
plants. No longer is an appreciable segment of 
industry equipping itself vrith loft space or 
locating in multi-storied factory buildings such 
as (hose budf about 1S50 along the Connecticut 
Riv-er and other local water-power sites in New 
En^aoA 

l^d must be provided for commercial uses. 
Inevitable questions arise such as the extent 
to which expresswav's should be provided to 
encourage the movement of vehicles into a 
central business district or whether outbmS 
shopping centers should be encouraged, admit- 
ting tliat the central business district is destined 
to remam a place for specialized shopping an^ 
for office building, professional offices, and 
iiia|or financial institutions On the basis of ih®*® 
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and other data, it is possible to begin the drafting 
of a rnajor thoroughfare plan to secure the pas- 
sage ihrou^, or the by-passing of, thiwi^ 
traffic and to handle the traffic to and from the 
center of the city and to designate the appro- 
priate routes to interconnect the varimw portions 
of the city. 

A community-uide, future land-use plan can 
now be constmcled. It will taJ^c into account 
the major space needs and dLstribule these needs 
logically and in relation to each otlicr on a map 
anticipating the spread of the future community’ 
at the target date agreed upon for the compre- 
hensive plan. Advance planning of schools will 
allow the acquisition of land before it is ab- 
sorbed for something else, and the presence of 
the schools, or at least school sites, nstU encour- 
age the subdividing and development of prop- 
erty in a manner contemplated by the plan. 
Parks and playgrounds ^ould be nmitatly 
planned in advance, both for economy in land 
acquisition and for the assurance of hai'ingwhat 
b planned available uhere it is needed. 

In all of this, plans should go foru'ard for 
caring for the parking of an anticipated num- 
ber of vehicles. An automobile or truck that 
cannot stop is as useless as one which w*!!! not 
start. 

^Vhen all of these space needs can be fore- 
seen and when major decisions have been made 
regarding the desrable density of population, 
then it is possible to proceed intelligently with 
the drafting of the zoning plan. The zomngplan 
consists of, first, a map of the area showing the 
various land-use districts into which the com- 
munity is divided, and second, a text which out- 
lines the permitted land uses in each distinct 
It IS through zoning that areas are designated 
for residential, industrial, or commercial pur- 
poses, and each legitimate use of land is pro- 
tected against invasion by other uses. Property 
values can thus be stabilized, investments can 
be made with assurance, and a place can be 
provided for every le^hmate use of land with 
every use reasonably allot ted to its proper pjace. 

The inevitable question ultimately arises as 


to how the public works called for in the plan 
are going to be paid for. A most sensible ap- 
proach, and one which is increasingly being 
utilized as part of the comprehensive plan, is 
the long-range capital budget. This involves a 
review of the present Rscal position of the 
munidp^ty, of its income and expenditures, of 
its outstandmg indebtedness, and of the legally 
accessible revenues not now lieing collected. 
Then follows a projection of future operating 
costs, the listing and estimating of capita! costs 
for individual future public-works projects, the 
assignment of priorities to same, and the projec- 
tion of the resultant finanda! program, say, 5 
years into the future with annual revisions and 
reprojections anticipated. 

Urban Reneirnl. In the past, the sequence 
of different land uses, budding occupancy, and 
IniildiDg conditions came to be regarded as a 
rather inevitable cycle in most American atles. 
The sequence in a particular city ordinarily be- 
gan with the establishment of a cross-roads or 
waterfront settlement in which, as it grew, the 
central area u-as gradually converted to busi- 
ness establishments. The houses adjacent to the 
stores Were not only older but, being nest to 
commercial places, were less desirable for tesi- 
dential purposes. As the village grew into a town. 

there was a gradual elimination of the old houses 

as new tonunerical establishments sprang up- 
Old commercial establishments in the center 
were gradually eliminated in favor of taller 
bmldmgs, housing a concentration of offices, 
finanda] establishments, and department stores 
{Fig. 2 and Fig. 3). 

As tune passed, the central business district 
of the ci^ would get larger, and the decaying 
blighted area adjacent became broader. Islands 
of very old residences, unfavorable to profitable 
conversion by private enterprise, simply became 
worse and worse slum areas. 

Since World War II there has been a decided 
increase in outlying shoppmg centers and super 
markets m aD but the very smallest cities, and 
dus has contributed to stemming the increasing 
spread of the central busmess district This has 
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lowed down ihe conversion of blighiodand 
•Kim areas to commercial nsc. 

From the mid-liWOs to the mid-1050s soine 
icmoKtion of shuns was occomphdied Uuw^ 
public action by tcarini' dos^m some 
rt-orsL and reusing clcar^ areas for low 
puIJic housing whidi was maiW avaiulite to 
Ihnse unable on their D«-n to secure safe, sant- 
lary, and adequate housing. 


Preshlent Eisenliower was well advised early 
in lfK>l "hen he saitl. in essence, that there 
simply IS not enosigh money to tear down all ll>c 
sluias as tliey develop. Pubhc expenditures 
should be ilirecteil toward preserving good por- 
OonS of die city, rehabilitating those llial havT 
drlerkiratcd. and ns a last resort tearing dow-n 
Uiose areas tliat liase degenerated lieyond re- 
pair. It w-as in leeping wntli these concepts that 
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rig- 3 Ao aerial srew of Fma Center, rbiladelphla, looUng nortlieastward. Note tlie raievelop- 
menl of area fomerty ravered by a braad patteni of railra^ tneki. Holograph taken in 1963. 
(Fbiladdpfua Otr Planiwg Cemuntao'an. Fbotograpfiy by La w re ac e $. mflimc , Toe.) 


Ihe Housing Act of 195-t was passed and the poses. High-rise apartments, many in the lusuiy 

Urban Reness-al Program became a reality. class, occupy reassembled lands, and represent 

Under this program, there is a very real oppor- a retun from sulairban to urban living. In many 

tunity for inhibiting the spread of slams and instants the locating of non-noiious industne* 

blight and in making cleared slum lands avail- near the center of the city, as a by-product of 
able for any of a variety of uses according totbe uiban renewal. wiH make possible increasing 
needs of the community. There are incentives employment opportimitiesclOTe to the residerK’f 
for the creating of parks and playgrounds in of many employees and thus hmit the need for 
places where they are needed the most. Lands expensive street construction, which becomes 

not needed for publJcpurposeswhichhavebeen necessary when residences and places of em- 

assembled and deared in the process of devri- ployment are distant from each otlier 

oping may. accordmg to local needs, be sold Since commumties are m competition with 

for residential, commercial, or industml pur- each other just as surely as mdividuals or cor- 
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poratioas are, the cuinmunitics which «k» t>ot 
lake conslrxictive steps in urban renewal and 
do not participate in these programs wtB find 
themselves at a competitive disadvantage In the 
future. Willi the average life of buildings wiotir 
cities being only *10 to 50 years, it means that w-e 
arc rebuilding American cities each 40 to 50 
yean. It makes good sense that to do the job well 
there should l« enlightened urban pkinnu^. 

I’RORIiLMS OF TllF, IJIinAN nF.OlON 

Immease problems liave arisen in many of 
our major metropolitan regions simply as an 
outgrowth of the complexity of local 
mental jurisdicUons represented therein. Tl>e 
Greater Boston area. Cuyalioga County swr- 
rotmdmg aevcland. and St. Louis County. 
Missouri, are examples (Fig. 4). 


Some of these, as in the cose of the metro- 
politan leg^ of Boston, began as entirely 
separate towns and villages scattered over a 
cotmtryside which has subsequently been built 
up until the whole area has become a peat 
urban iuass vtrtuallv continuous in urban land 
occup.mcy but tantillringly separated by juris- 
dictional lines (Fig. 5). In other instances, such 
as in the Chicago area. residenUal communities 
sprang up in tl.e countryside and along tl.elake- 
Jjore at points where rapid Irawil or go^ 
highways made feasible commuting to the 
central city to work. 

Since 1910. the mounting costs of urban 
upvemment in larger, older, central cities have 
ksl to local initiative to incorporate secUons 
of urlian fringe areas as seiiaratc municipalities 
in order to avoid incorporaUon into, or anneo- 
tion by. the central city. Many of the satellite 





communiHw are unable to supply themselves 
with municipal services of their own. Many are 
forced to become cmlomers of the central 
for services such as water supply and sewage 
disposal. Also, with the jurisdictional differ- 
ences, it is impossible to plan responsibly for 
the entire urban area and thus attain some um- 
formity in land use, taxation, utility services, 
schools, and an integrated system of streets. 

The execution of major projects such as ex- 
pressways, interregibnaf urban ftighways, or 
hi^way links through urban areas becomes 
fantastically complicated m these jun^es of 
duplicated adxnmistration. It becomes much 
more expensive in terms of public funds to 
execute such projects. Compromises often must 


be made in route location, in nature of construc- 
tion, and in remedial attention to utilities lo 
order lo gain local approval of the project 
(Fig. 6). 

Meanwhile, bli^t and slum conditions 
spread across areas regardless of jurisdictional 
boundaries. 

A variety of solutions to pressing metropoJitaa 
problems are being advocated, Nashville and 
Davidson County, Tennessee, have consolidated 
fnCo a sih^e ifetropofitan Government. 

Dade Ccrunty is an example of partial consoli- 
dation. and various cities have created special 
districts or services for area-wide ftinctions 
sodi as sewers or transit. 

Also, virtually aD comprehensive plans for 
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the de\elopment of the major cities now ^ 
covering urbanized areas, including satellite 
municipalities, and a growing numlier of fed- 
erally aided or state-sponsored public wotb 
programs are requiring as prerequisite u com- 
prclieasive development plan for the entire 
metropolitan area (Fig- 7)- 

REGIONAL PLANNING 

Regions have been variously defined de- 
pending chiefly upon the criteria tLsed in Iheir 


detemitution and the purposes for whi<± they 
are delineated. Therefore, no simple definition 
of legliinal planning will be accepted unlver- 

A region is inescapably a portion of the Mrth s 
surface By ordinary »wage it implies a substan- 
tial portion of the earth's surface. trans«ndmg 
In area the ordinary municipality and in most 
Instances exceeding the area of a coimty. Some 
degree of homogeneity Ls an essenUal considera- 
tion In delimiting a region. Depending on the 
basis for delimitaUoo, regions may vary greatly 




Fig. 7 The JlMtown F2sz<. Rochotrr, fotl:, pratidn im lar livTitorro vta aueh «f 
the etnuKpiiere ind eonvenienc* of ■ modern nibiuban thopping center. (Bochesler Ot}’ Pboning 


Commiuion.) 

In size, but a re^on must always have a bound- 
ary-. 

Representatives of the various scholarly dis- 
ciplines constantly recognize and delineate le- 
gions accordmg to their needs. Plant ecolc^sts 
will be guided by typical plants or plant associa- 
tions; geologists, by the earth materials finding 
stirface e.tpression in a given temXoTy; and 
climatolo^ls, by climatic conditions. Also 
soaologists painstakingly divide larger areas on 
the bosh of chosen indices meaiun^vH to them. 

For political or governmental purposes, re- 
gions represent areas of common interest or con- 


venience, the boundaries for which are ordi- 
narily drawn along political lines, thus making 
them groups of counties, states, major portions 
of states, or groups of states. The state is the 
region for many conservation and other govern- 
mental acbvibes where state law, administrative 
regulations, or finance play a substantial part. 

Choosing Hanning Kegions. From the fore- 
going discussion of regions and the variety of 
poliUcal and scientific mdices by which regions 
can }>e delimited, it can be correctly assumed 
that similar latitude esists for delimiting regions 
Ibr planning purposes 
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Prudence and lo^c will characterize the 
limiting of a region for planning purposes Md 
both will be exercised in the light of goals to be 
achies-ed and available tools with wHA to 
work. In 1929, Wisconsin’s plans highh^ted 
the agriculturally submarginal cliaracter of Ae 
cut-o%-er portions of the state and, through a 
combination of rural zoning and piililic p»ff- 
chase, large areas were essentially depopulated. 
About 1050, throng Uie medium of llie N^v 
England Counol, states of that area banded 
together on a program of economic jdanning 
and Inisiness financing. The U.S. Dcpartmetilo 
Commerce and other federal agencies tradition- 
ally diride the country for program puq^ 
into regions either on tlic basis of pro ms 
(for example. Bureau of Reclamation serving 
the semi-arid West) or on the liasis of commoni- 
cation (Atlanta Is the rcjSonal headqu^en ot 
many Bgcndes semng the Southeast). Tlie en- 
nessec Valley Authority is granted 
and responsibihUes coinciding logically «ith 
the ictrilory drained by the Tcnness« Rivct. 
More recently, at the direction of 
re^onal studies of major river basins have 
undertaken whidi Inciuire broadly m o 
future economic and population possi a 
a basis for assessing llic role of water rcsoiin 
development in such areas. 

Dunng several )Tars the pivemors ol $ 
represented in the Appabchian area nave 
encaged In iniiit study and in consultation wr • 
liie federal government in an effort 
the economy and living conditions tii tins 
of 1C3.000 sipiare miles. TliU sit.ution lwl<t» 


the promise of a new appro.rch, with eaA of the 
ten stales preparing comprehensbe plans tor 
their respective areas, and. on coordination, to 
proceed wiUi effecUve remits, acting jointly 
xrith the federal government and conlipious 
states, under legislation passed by Congrws m 
March 1965. 

Some problems susceptible of planning 
,realni<^t MK to.mdanes b.il can 

be liaiuDed by means abort of national attioii. 
Hu. is well lUustraled in the field of stream 
rfotlon. Fni eaample, Tennessee Is slsriatoot 
m m intentate stream pollution conml eoni- 
pael nndet «hiob the seveml stales pledge m- 
tJ^atc aellon on preserving the quabty of 
wwleis cl the Tennessee and Cumberlandrivers. 
■n,e seven state. In.ob-ed have beenme an 
administrative region for the aceompbshment 
of these ptirposcs in the two watersheds 

In the field of intersule action In the con- 
trol of forest fires. I.osvcscr. the Itound-irlcs of 
the tepon of common Inicrcst cmW a la^cr 

Sorting lot 0.C Slate of Tennessee, nego- 
tiated an Interstate Forest Fite I^lectim Corn- 
met to "hteh “ales south of die OWo end 
mst of llic Mississippi ore signatory, and wUch 
a^men, male, possible the brtnging together 
of the eomblned CtteCglilmg laeilito of all 
t),ese stales to control e malor eonllagralion 
Ls cstendmg greater protection 
resooree than any one stele could pirtstbly 
fioaneo and maintain, by Interelale action a 
™t step lotsvard m eonsctvallon of nalnral 
^iirevs has l>eni talcn. 


lUfcrencr* 

Amcncan Imtitulc of Pbimcrv. Mon'Uv. 

Sodety of rUnniog OITtclalv 
tnjilcal mnnoeraph* Mjnirv IJrlfivjn. 

Doncu Ou, IXritci. W. Biclunl iV niuur. TV UsT- 

kin* l'rr«. BoiUnvirc. IW. o»iW'aJ ^ 

Ihtlmttn. Jchw W. Hid Rrgiiwld R- Vml, I*** 

e»l llmnl. Ilrtiraa-IM It'S* C“- 1^ 
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CHAPTER 23 
National Planning 

and the Conservation of Resources 


Hie neljoiuil government, by its 
administered by tlie chiet 
In the hishest mbnnel o! the P“P''' 
erionl opportunity (or el O'' ,P“P'* S 
United sSes. siice the (o.mdlnB of the ne- 
publie the Congress has given 

needs of the nation, but inevitab y 

.fC=ngm,.h.vel^n„i™.ag»ns«X.- 

miips or particuleir areas. B 

™rihe,. toe etaio ton "X ' 't <^- 

elple. sshos. great ambition ha. ^n Jo^ 
tribute to the general welfare o q^cCoh- 

jpe.., botli in the "o""’ 'P j be 
in the Semite, the n"”^” Aswonkl 
mid to entertain ‘“'’i'Xreptesentati.e.of the 
he erpected. these ''X "L,, ,„,eiests of the 
people are 'b' P'”"]^ .ante time they 
people whom Uiey^ d^^,,^^ and** 

national weHirc. , . „ 

•n^e IrriCation, the 

rrcUnullon ot huid* of nowtr. 

control of floods the «t»5on. 

the priitrctlor. »> r?^„Xoom^ »« 
the cowenatlon of the «>“ 


ervaton of die dwindbng forest tesouroes. Ife 
conservation ot the mineral tieasiires, ond P^ 
rislons for recreation toe lece.verl Congres- 
donaJ»tlcntion 

InenualUy in the Dhtributlen of lleiounet. 
■the abundant rcsotirtes of the “"'"'U' 
not beneBted all tl.e people erpial y. Many 
ncople have ton enriched toause they have 
ton successful In seei.nng control tot the 
nviterial tronit.es of the muntry Otberi In 
humUe circumstances have not shared In the 
-real wealth of the nation. Certain pioneers 
settfeU the new farmland when the ndi prairies 

were available. At a bter period the settlers were 

not so fortxmatc, for the richer lands w ere gone. 
The abundant timber and mineral rcsonrw 
were developed and exploited ‘ry Pf 
M»d n fortunate few were enriched ^ 

pic came into pos-session of poor land and fo 
H difTicull to cam o decent Uvlng Tlie materia 
resources distriUited unequally over the coiu^ 
icy hasT Ixencfited the people ime^i^y- _ 

^rrirnte KrtUrprise antt r^otional artnn'n^ 

ConcsuTcntly with the political 
United Slates pri\-atc enterprise and personal 
fnitUdsT were responsible in a Urge meisurr 
for the deseVxpmcnt of the natural 
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ny- I The Federal Reserve Bcurd' Di*‘ 
tri^ Tliesc divisions were ariginslty set 
up Id Serve the banking and fioaneiJ 
ioleresls of tb« country. Thn boundaries 
sre eswnllativ political and arbilraiy in 
chsrader. (National Resources timmit- 



a step toward a kind of toUlitarUoism nhich 
t* 111 conflict vvidi free entetprise and personal 
liberty. Tlie states that pay more into the federal 
treasury In taxes than they receive in benefits 
t/v disposed to complain about tnc<iufti« Cen* 
'rally » IS aroepled as good goveminental plan* 
riit'S lo tise die greater wealth and resources of 
rither and more fortunate states for the benefit 

die poorer areas. 

Tn die broad field of planning for the security 
*nd the defense of the oatioti. and planning/or 
Ihc security and health of the people indivkl- 
Hally and by groups, the federal govemroenl 
niiut lie foncemed with the physical or material 
^'^rew that are fundamental In secunt) |dan- 
ning. Tlie govemment extends its protection 
iQ aU die people and otheniTse rccogwxes the 
naiionMidc application of its 1 *"^ reguU- 
Uons. Tlie eoiucnatJon and I'ise ase of the 
material licntage of the nation require vlpbnce 
and d) namic action against waste of the physical 
Iw-sc of the natjoiul economy. 

I^rernment .W«»i Take the Imujt fJetr. 
In the long-range development of the economy 
of die United States tlie material resourewhave 
l«cn Or Will l,e ilqiletwf unequally. Certain to- 
diisinal raw materials occur in swoh great obun- 
dince ilul there is little danger of immedbie 
t’haustion. The use of enortnws quantities rf 


iron and petroleum, on die other hand, has 
threatened our ultimate supply of these basic 
resources Tlie heasy demand for lead, zinc, and 
copper has made us aware of the possibility of 
eshaustion of these essenbal metals. 

The federal government and other agencies, 
both private and public, are giving attention, 
throu^i researcli. to extending the productive 
bfe of man) of the raw niaterials so necessary 
in the complex economy of the United States 
and ibc worhL 

Srandnnf of Urfng nnd fleinurce (W/sn- 
liwB. Hie higli slandird of living attained by 
the people of the Umted Stales ts related to » 
number of factors The volume aiul value of 
nutenal resources in relation to die iiumlier of 
people arc favorable to the development of a 
high standard of Using. The capaaty of the 
people, with an urge to improve their physical 
wcO-befng and raise their cultural staiKUrdv, 
hit been an important factor. Tlie inventive 
genius of die people made possililc the develop- 
Hieoi of machines that can utiliic the great 
power resovirces of the country for the welfare 
of the people. In spite of an fmprodwit drain 
upon the material Isise of tlie nation the cct>- 
noRiic and polillca! leadcrsliip has licen equal 
to Its opportunity to liring favorable conditions 
of life and setsinly to ifw American people. To 
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maintain these condihons Is the chaHenge uliidi 
recurrently confronts the people and their gov> 
ernment. 

Planning, a Definition. Planning is the de- 
velopment of a program of ultimate objectives 
and a schedule of operations to achieve the 
desired results. In the development and wise 
use of resources a clear statement of the objec- 
tives to be attained is essential to (he execution 
of a plan. It is also very important that the sev- 
eral operations in the plan be scheduled so that 
the Vey projects are given priority. This dmple 
statement encompasses most of the esseiktials 
of planning whether local, state, regional, or 
national. 

Planning is not re^'mentation or may not be. 
In the United States democratic planning should 
emerge from community or naHonal discussion 
of issues that require coUective action. Planning 
should be continuous, or at least there should 
be a periodic review of previous plans so that 
obsolete objectives may be abandoned. Also it 
may be necessary to reschedule (he projects in 
terms of recent developments. A long-term plan 
characteriaed by rigidity instead of SexibiLbty 
may be doomed to Mure. It is important that 
planning, as a community program, should be 
responsive to the will of the people who may 
wish to re-esairune their earlier plans and rev^ 
their schedule of projects. 

BEC10N.\L PLANMNG 

In an area as large as the United States where 
the geographical diversity is so great, it was 
inevitable that resource development and use 
would be distinctly regional in character. For 
example, the harvesting of the great white jane 
forest of the Great Lakes states placed upon the 
lumber markets one of the finest building mate- 
rials in the latter decades of the oineteeatfa cen- 
tury and the first decade of the twentieth. When 
this harvest was consumed the lumber industry 
moved on to other forests, and the cut-over 
lands became a problem area. In a sisulariDaii- 
ner the grasslands of the Great Flams were first 
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the natural grazing lands of the indigenous 
bufi^do. Then overpastuiing and the breaking of 
the sod for a^TCulture weakened the natural 
defenses of the area, and in the dry years of the 
1930 s and the 1 930's the area look on dust-bowl 
characteristics. 

/That U a /legion? There are many kiads of 
re^ons. Some regions are essentially phj’sical 
in character, such as soil regions, physiographic 
re^ons, dirnatic regions, and drainage basins. 
Others are cultural regions, such as language 
areas, re^ons with a dominant religion, and 
areas with a particular mode of government. 
\\'hether phracal or cultural a region must have 
one or more distinguishing characteristics that 
are fiKwe or less co-extensive with the area, and 
it should be set apart from other regions with 
distinct or arbitrary boundaries. 

Many easJy recognized regions in the United 
States have emerg^ because of certain doim- 
nant characteristto. A region, to have validity 
and usefulness as a planning area, may or may 
not have exactly de&ed boundaries or enume> 
ated common (baracteristics. For administra- 
tive convenience it may be useful and desirable 
that regions, whether physical or cultural, have 
boundaries that are easily identified and 
demarcated. 

Most Americans are familiar with such re- 
pons as New England, the Piedmont, the South, 
the Middle NVest, the Great Plains, the Upper 
Lakes area, the Columbia Plateau, the Great 
Basin, the Yukon Basin, and many more re- 
stficted areas or regions such as the Mohawk 
Y’aBey, the Delta country, the Tennessee Y’aDey, 
Ajy alatAia the Salt Lake oasts, the Central 
Valley of Cahfoniia. or the Puget Basin (Fig- 2) 
Some of these are phj’sical regions or vrere 
CHigmaOy, but have t^cen on compoatecharar- 
tenstics reflecting something of the natural 
conditioas in combination with the ecoDomic 
and cultural attnbutes. People living, working, 
and shaping the destiny of an area gire to it 
charactenstics that transcend the natural c®®" 
ditiOQS which at the outset may have been 
dmunant. 
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Most regions a crntniJ or corp area 

wliich may {« rcgarJctI the tj-pc location. 
frm\c\cr. the core maj not represent all the 
tharaclcristics of a large area or fn the Mine 
proportion. No smalt area in Ke« Englan<l could 
iw truly representative of the forested hlt^lamls 
of northern .Maine, llic truck farming area of 
the Connecticut lowland, the sandy beacli areas 
of Martliis Vine)ard, or Uic industrial com- 
munity of M’orrester, Wassarfnisetls. With all 
its regional or sectional differences New Eng- 
land b a region in the minds of most people. 

In re^onal planning, wliich in effect U na- 
tional planning lij* regions, it is necessary that 
the areas set up as planning regions should have 
something of the unity of spirit tliat character- 
izes New England, the South, or the Middle 
West. From this seasc of regional unity will 
come the leadefshtp a«<J the energs’ that will 
achieve results. 

Frederick Jackson Turner, htstorun of the 
frontier, recognized the importance of pioneer 
life as a significant force in the development of 
fundamental political diaracter of the United 
States. .AltlMii^ the moving frontier tended to 
bnng some common experiences, die pioneers 
»*'ere ads'enhiring into different geographical 
regj'ons. Soclionalisni was from the outset a 
concomitant cbimacteristic of the setflement 
and development of the United States. 

Hegionalmn or ssrctionalism in a narrow pn>- 
vincial sense may be an undesirable character- 
istic of the national economy. But regionalism, 
if it is a unif)ing force which transcends the 
restricted limits of a smaD area, may be a vital 
factor In the development of national character. 
Out of the div ersity of states and regions a spirit 
of national responnbilitv emerges. “The diver- 
sity of re^ons rather enriches the national life 
than impoverishes it ..." * Regional planning is 
in effect national planning expressed or devel- 
oped areally. 

Regional Dirijioos of the United Stain. 
The federal government has found it desirable. 

1 Daoald Di\idioii, *niut Tliii Naticn Mjv (jk5uj«, 
Seed for Political KegionaIisa~ io Herbert Ag»r end ASen 
T^e, Ulio Otciu Afvvrwa.* Boston, 1936, p. IXIL 


and In particular cases almost a necessity, to 
decenlralire or regionalize certain functions. 
The concentration of many agencies fn kladi- 
ingtnn has liccn looked upon as undue central- 
ization of administrative activities in a single 
iirlian tenter. The rapid expansion of govern- 
mental agencies in wartime and during the 
difficult depression )ears placed a heavy hurtlen 
upon the metropolitan area of Washington. 
Ilotning for gov eminenl employees, transporta- 
tion to and from work, office space for personnel, 
ami rrlitecJ proIJcms liecame the insuperabfe 
difficidties of a rapidly expanding metropolitan 
area. There vias no lime for planning, but it «as 
obvious that decentralization of eertam govem- 
nienta! functions was an urgent necessity. 

The Crittu* JUrleion*. The Bureau of the 
Census has established nine arbitrary but sta- 
tistically useful regions. Each of these dnisiofts 
includes stales that have many characteristics 
in common. They include New England. Mid- 
dle Atlantic, South .Mbobc. East North Centra], 
West North Centra], East South Central, kVest 
South Central, Mountain, and Pacific groups of 
states. The sew states of Alaska and Hawaii ate 
irwlnded in the Pacific division. These regions 
have statutical coni'et^ce and through bng 
use have become vvtU established. 

/uacfional RirMoni of the Vnitrd Slam. 
For the purpose of decentralizing certain ad- 
ministrabve functions of the government a 
numlier of agencies have a regional pattern of 
or^nizaion. This is well dlustraled bv the 
United States Circuit Court of AppeaL which 
consists of ten Circuit Distncts and the District 
of Columbia. These regions or distncts are 
|udicial areas and sen e thiv function only 
In 1914 dunng the adimrustrabon of Presi- 
dent Woodrow Wilson the Congress enacted the 
legislatkm that created the Federal Reserve 
System For the purpose of earning out the 
provisiDns of the act the United Slates 
divided into tvvehe Federal Besen'e distncts 
each consistmg of a ouiaber of states or parts of 
states and each having a Federal Reserve bank 
Io serve the banking mdustnal, and canunef' 
<m 1 interests of its area. 
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Miny other agencies of the federal gwern- 
incnt have been organbed on a re^onal laas. 
or Iwve establislied outix«l or 6elcl offices to 
facilitate their administrative activities. 

riaun-mg lifgion,. The estabhshmerit of 
regions for the planned development and use 
of rcsourc-es emerBCS as a necessary concomitant 
of national planning. Certain steps have already 
Iwi taVen and may indicate the nature ol the 
regions dial are most suitable for planning and 
developmental programs. It is obvaous l^t no 
single type of remon will be suitable for all pur- 
poses. Several kinds of regons. diffcniig In 
dimcadons. overlapping pcrlupv in certwn in- 
slanc-es, and encompassing a numltet ® ® 

activities, may Iw necessary to achieve the sev- 
eral objeclivc-s of a vvcll-lvilanced program ol 
national development. , 

Tk. XTMmhnt «> « Iln"”'"/; 
lu, bcca recogtilirf tlat tte hy(Ira^P''tt 
l«ln or «.wr.l.o<l Is o" approprls'c md rr^ 
Ri;ralile plnnniiig area. In insny 7mob- 
0, o! tlio Udlol SUtrs 11.0 prtn«t|“l P»^ 
lc..» that require constnKlIvo ailion ato w^y 
relatrJ to ihl rirer lo rad. .-a.rrehrd 
trot ol the master stream h.-eome. H'- J"!' f J 
eet in a W.in-ttltle piosram ol , 

rrmeo. »hid, »all omler prei-tr m.nasen.™. 


ertend to other prohlent. not illrectly related lo 
die river (Fig. 3). . , » i 

The Tennessee River lusin. developwi mulcf 
the administrative jurisdiction of the lennesvec 
Valley Aiidwrilv. may \k regarded a.s the model 
drainage^iasin pbiming region. Other vvatw- 
sheds liavc been designated as well 
reoonal development, -niose include d>e Ohio 
V^ey the Missouri \'al!ey. the Colorado \alley. 
the Columbia Valley and ctliers (Fig. -1). 

The Tennes.sec Valley development is an 
achievement tliat lias Iwcn die envy of other 
regioos. People in otlicr areas are reluctant lo 
until adversity rwjuircs a program of aeUw. 
n,e necd.h of the Unitesl Slates in respect to 
hi'diwavs. houdiig. aiitomoliiles. and pro- 

duc<ive esinipmenl to meet consumer demands 
ate so great dial material tlic Lilxir force, utid 
the mamig<?rt-*l skills may not le available at all 
limes for major public-works projects 

Before Uic need anses for immediate action 
comprclieusivc surveys esu, U nude so that 
plans wdl I* "“V . 

an integral part of Die plans a schedule of proj- 
ect* should Iw dm-loped. It may 1* Mcwary 
to procecl immedulcly widi certain plaro for a 
rtCion or walerslicd and reserve for Ulrr 
llw completion of the project Tlal U well iJlus- 
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trated in the signing of the Ohio River VaDey 
Water Sanitation Compact at Cincinnati, Ohio, 
on June 30, 1948. Navigation on the Oliio has 
long been a part of the program of river <le\-elop- 
ment. Floods remain a great menace, and many 
years will be required before the c.scess waters 
can be brought under control. But the <Miio is 
more than an artery of tommerce. It Is a source 
of water for milhons of people, and at the same 
time it is a great sevver. Sanitation in the Ohio 
Valley continues to be a problem. 

Gnupt of States as Planninp; Regions. 
Other types of areas have been suggested as 
suitable for regional development. Tlie New 
England area consists of a group of stales rather 
than a number of drainage areas; yet the water 
problems of the several major streams such as 
the Connecticut and the Merrimack require a 
number of multiple-purpose projects to m«l 
the situation,* The Middle Atlantic area, like 
New Engjand, is largely a group of stales es* 
tending from New York to North Carolinaand 
fronting on the Atlantic. It Is an area with many 
problems, but it lacks the regional consciousness 
so characteristic of New England.* This is a 
region highly developed industrially and <^* 
mercially, and many of the most urgent p 
lems of today are related to the lack of ' 
planning in the past. Urban blight ana 
related ills of the industrial communities r^uii* 
plans and programs of action that will re 
tate the unfortunate people who live In su 
areas and redesign the land-use pattern in lenns 
of the long-range needs of the urban 

Other groups of slates have been cons 
appropriate planning regions. Some o 
include the Soullieasl. consisting ® 
Camlina, Georgia, Florida. Tennessee 
and Mississippi. Part of this area is alreaay 
eluded within the jurisdiction of the en 
VaDey Aulhonly. In spite of Industrial develop- 

amt SMfclluorton of ...jjosl-fc 

Tort IL Regiaral Prrrlapmeot fla 
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ments in the Piedmont, in the Birmingham dis- 
trict of Alaliama, and m die Tennessee Valley, 
thfa h also an agricultural area with some of the 
agrarian problems associated with the cash 
crops of cotton and tobacco.^ 

Tbe Mountain states planning region consists 
of Cdorado, New Mexico. Wyoming, and parts 
of several other states in the Rocky Mountain 
area. This large area, because of the character 
of its resources, has been exploited rather than 
developed. Minerals have been mined until the 
rich treasures have l>een exhausted; grasslands 
have been overgrazed to supply meat products 
to the eastern markets; and in many areas the 
limited timber resources have been cut so lliat 
watenhed protection has been reduced. The 
scant rainfaU, In most places inadequate for 
either forests or agriculture, becomes a resource 
of great importance in the water courses where 
the water is avaibble for power and for Iniga- 
lioa The co-ordination of the several wa^e^use 
projects is the major re^onal problem of the 
mountain states.* „ „ , 

The Pacific Southwest and the Pacific North- 
west regions are similar planning regions lie- 
cause each consists of a number of states and 
parts of states. Id both areas large tracts of dry 
Lind witboiil adequate water are characteristic, 
though the Southwest has less rainfall than the 
Norlhsvest The Southwest has access to the 
power and the water of the Colorado while the 
Northwest taps the resources of the Columbia. 

In the Pacific Southwest water is the universal 
need. "Oties, farms, mines, and factones de- 
pend directly on perpetuation of their water sup- 
plies. which must often be brought from distant 
sources. The desert U ever striving to recapture 
ibc territory that has been wrested from it.” " In 
such an area the individual, whether he is a 
farmer, a miner, or a city dweUer engaged in 
activities that seem to bear little relationship to 
the b^c industries, may be unmindful of the 
fact that be is In a large measure dependent 

<lW<l,p.S0 

174. 

•nil. p. m 
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upon projects sponsored and developed cmI- 
lective action. 

The Pacific Northwest as a planning region 
consists apprcodmately of the three stales of 
Washington, Oregon, and Idaho, though the 
regional limits have not been sharply defined. 
The several problems related more or less di- 
rettly to the natural resources include the settle- 
ment and retdamation of arable lands, the 
utilization of water for irrigation and power, 
flood control, the establishment of the sustained- 
jield principle in the lumbering industry, forest 
protection and rehafaihtation, and the preseiva- 
tion and development of the scenic resources. 


NATURAL RESOURCES AND 
NATIO.NAL SECLTim' 

The hade Jew so xwfssaT' ie 

taming the highly des’cloped economy of the 
United States are available in very unequal 
quantities. Fortunately America is riddy en- 
dowed with most of the essential raw outeriaU 
of Industry, but there are notable esceptions. 
The r»p31y eipandmg economy has increased 
greatly the demand for raw materials and has- 
tened the exhaustion of certain resources 
initially in short supply. A people mindful of the 
real or ultimate scarcity of the resources that are 
essential to the national economy should take 
the necessary steps to attain security. Tbe 
economy of peace should be convertible lo war 
in ah possible haste in tunes of emergency. 
iVhetfter the United States is a neutral or bel- 
ligerent, the nabon’s best interests will be sen ed 
if the economy is based upon adequate supplies 
of essential raw materials. 

Complete mdependence m respect to the 
basic resources of industry ts an impossibility 
for the United States. Dependence upon re- 
sources imported from other countries is and has 
been a significant feature of the Amencan ecrni- 
omy. Staley has stated dearly and forcefully, 
“There ts no escape from mtemabonal raw 
roatenal interdependence . . ^ and ttii< appl^ 

'Engme Stakr, Bate Ilaltriab m Fearr pnd War, New 
Tork. 1937. p. £». 


to thft United States as well as to the less richly 
radoiied countries. 

•NVir Ditcoreriei. The assailable supply of 
tnany important resources ssill be increased Ia’ 
nesv thscos cries if the history of mineral explora- 
tion Can be used to forecast the future. In spite 


of the prospect that new discoveries wiH 
substantial supphes of many resources to the 
total available for industrial use, there is also the 
gfini truth that the rale of discovery wiH ^ 
below the rate of use. National securib' is rebted 
to the continued search for additiotial supplies 
of essential resources and to an expanded pro- 
grani of research designed to make aiaibbte 
industrial raw materials from deposits now 

known. 

Dunog ^VoI^d ^^■ar 11 it was recognized that 
pri'^te raining interests wTiuld not be aUe to 
out the necessary exploration for, and de- 
*«‘bpm«nf of, new miaenl deposiCr ngefiy 
«o«gb to meet the needs of a nation at war. 
As a consequence the federal goremmenl I?' 
variotis means became involved in the eij^or*" 
fion for new mineral resomces and the expaO" 
non of the mineral processing industries. Fof 
example, (he United States CeologfcaJ Sunej' 
and the Bureau of Mines carried out invesOp* 
fiobs of domestic deposits of strategic mineraK { 
such as chromite, mercury, manganese, and 
severe others. 

Subsidies. In addition to the scien^ 
work o{ (he Bureau of Mines and the GeoIogjO' 
Survey and the loans made by the Metals Re- 
Company, direct subsidies were 
high-cost producers of copper, lead, 
zme Amounting to several hundred million dor- 
brs ill (he period 1&42 to 1»47. Both by indirect 
methods and direct subsidies financial assistant 
can be used to increase production of a materia 
“• ^bit supply. 

Clergy Retouree* and the Strength 
Satit,fi_ The fuel and power resources ch t^ 
United States have made possible the 
development of power-driven machines a^ 
I*®'"® been responsible in a large measure 
the h(^y productive facahbes that have brtW!? 
matCHal conveniences and comforts to to* 
American people. Inanimate energy released!* 
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the consumpdon of coal, petroleum, gag anj 
water power has multiplied manyfold the energy 
of human hands. The continued use of these 
power resoiuces should give the United States 
a material civilization of a hi^ order (see Chap- 
ter 17). 

It is difficult to state just what fraction of the 
total power produced in the United States will 
be developed &om uranium and from other 
nuclear sources by 1975 or the year 2000. Power 
plants using nuclear fuel are in operation and a 
small fiwhdbiitjon is Iwiu^ made to ihe 
supply of electrical energy available, Others are 
Under development or are being planned. The 
ultimate importance of atomic energy as apower 
resource is related to a number of significant 
factors including the relative cost of the power 
resources, the continued availal^ty of adequate 
quantities of urardum-235 and other nuclear 
fuels, and the relative importance of the weap- 
on's program to the plans for the peaceful use of 
nuclear materials in medical science and in 
commerce. 

The Melali In a Poirer’Vtlng Economy. 
Because the United States is the major con- 
sumer of metals and many oUier mlnej^ prod- 
ucts, it U essential that every effort be made to 
assure the nation adequate supplies ftom both 
domestic and foreign sources. The United Slates 
normally uses more than half of the world’s 
aluminum, cadmium, beryllium, cobalt. lead, 
molybdenum, the pbtinum-group metals, anda 
number of others. Consumption varies between 
a quarter and a half of the world's production of 
aohmony, copper, iron ore, magnesium, man^- 
nesc, mercury, nickel, tin, and others. Important 
quantities of these strategic materials are im- 
ported ciurently and in the future ttill have to 
be secured from foreign areas. As a consequence 
the Congress and other agencies of the federal 
government will carry a large responsibility for 
B3lkma} and mtemstioniii framing dejjgnetl to 
maintain the flow of essential metals and miner- 
als to the United States. (See Chapter 16.) 

As the supplies of metals are drawn increas- 
ingly from foreign sources pris-ately osvned 
mineral industries will be unable to assume fuH 
rcspoasibility for assuring to themsel\-es suffi- 
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dent supplies of metals and minerals to meet 
the requirements of peace, the necessities of 
national defense, or the emergency of war. The 
maintenance of adequate reserses, stockpiling 
of strategic materials, and the development of 
substitutes become, in part at least, a responsi- 
lality of the national government. 

It is also important that the stockpiling opera- 
tfcms of the national government do not permit 
a number of companies or individuals (o profit 
unduly. President Kennedy, at a nesvj confer- 
ence on Jaaaa/yS}, }9S2, reported that he 

had reviewed the stockpile program and that it 
was apparent to him that the storage of costly 
materials has been “a potential source of exces- 
sive and unconscionable profits.”* Senator Sy- 
mington and his committee examined the situa- 
tion as it had developed over the years and in a 
number of uistanccs the committee’s findings 
seemed to support the President's contention. 

Resotirtt$ of OrpenSe Origin. The United 
States is nonnally dependent on imports for an 
important fist of products of organic ongm. 
During W’orld War II fats and oils were in short 
supply. The expansion of the production of pea- 
nuts and soybeans ofiset in large measure the 
loss of coconut and palm nut oil regularly im- 
ported from the Far East. The cordage fibers 
such as henequen. Manila hemp, and ;ute are 
not only important in civilian industries but are 
essential in time of war. Other fibers such as 
kapok, bristles, and wool are imported to meet 
domestic reqxurements. 

The hst of materials of organic ongui can lie 
extended to include timber and wool pulp, con- 
diments, tanning materials, rubber, and hides 
and skins. Our dependence upon oversea's 
sources may be reduced by the development of 
substitutes, particularly rubbers developed from 
petroleum and alcohol. TJie increased use of 
plastic wood, resin-impregnated woods, wall- 
board, and preservatives may extend greatly the 
forest resources of the country. 

Unlike the nonperishable mineral resources 
diese organic materials cannot be stockpiled 
•S« Draft BqxKt of Nilionil Slockpilr and Nawl 
hUolctcm Rewrvcf SulKomnifllpe {Smalor Sluart Sj-ming* 
loB, Otoimuio). M whington, DC. 1903. 
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Without danger of deterioration. St<x^l^ling 
requires continual renewal of supplies to me^ 
or oSset withdrawals from the nation's hoard of 
essential materials. 

PLANNING BY FEDEILVL AGENCIES 

Both the le^lative and executive brandies of 
the federal government recognize their high 
resjwnsibihty for the long-range planning for 
the general welfare of the people and the se- 
curity of the nation. Their objectives have been 
achieved by legislative action by the Congress 
authorizing the creation of agencies, prescribing 
and limiting their functions, and finally, after 
their functions are no longer necessary, leimi- 
naling ihcir activities. The President may, under 
legislative authonty and by executive order, 
establish agencies whose responsibilities maybe 
related to long-range planrung in the areas of 
resource use and national security.* 

In the executive branch of the government 
the Council of Economic Advisers must be ready 
at all times to keep the President informed con- 
cerning the national economic situation and lo 
discern developments that may affect the 
groHthandstabLLty of the economy. The Office 
of Science and Technology has a similar func- 
tion and it mast continually evaluate plans and 
programs in science and technology. The Na- 
tional Science Foundation and the National 
Aeronautics and Space Administration have 
lieen vitally concerned with research and edu- 
cation in science and particularly svjlh those 
branches of science and engmeering that are 
essential in establishing the United Stales in a 
position of leadership in space science. 

IJureaa of ihe Budget. The Bureau of the 
budget created on June 10, 1925. consists of a 
director and approximately twenty oificiats as 
well as a staff necessary to prepare the budget 
which the P/es/deni prajcntr to the Confess 
This agency Ls in a position to examine critically 
the asking budgets of the major departments, 

* Cmlfd Stain Corrmmen/ Or^onisalion Manual. tVM- 
l!MS, Co\fTnmfnl Pnnlmf' Office, Wuhia^oD, DC., tt^ 
vM June I. !9St 


divisions, offices, services and other branches of 
the federal government. The Bureau of the 
Budget is in effect a major planning agency and 
its recommendations are presented lo the Con- 
gress svho must initiate and pass the legislation 
necessary for both the short-run and the long- 
range programs of the federal government. 

The National Security Council. By Con- 
gressional action the National Security Council 
was created in 1947. The National Security Act 
has been amended to change slightly the com- 
position of the Council which presently consists 
of the President, the Vice President, the Secre- 
tary of State, the Secretary of Defense, and the 
Director of Emergency Planning. The Special 
Assistant to the President for National Security 
and an Executive Secretary are officials rather 
than members of the Council. This important 
agency has as its chief functions the integration 
and interpretation of all domestic, foreign, and 
miUtary polides that have significant bearing on 
national security. 

Office of Emergency Planning, The Office 
of Eme^ency Planning with approximately 
fifteen important offices, divisions, and centers 
is one of the most important agencies concerned 
with or involved in the field of national planning. 
This important agency of the federal govern- 
ment stands ready to advise the President and 
Congress on the capacity of the nation to con- 
vert ihe peacetime economy lo a svartime foot- 
ing if this became necessary. If a senous 
mtemational situation should require a quick 
appraisal of the material resources as’ailable to 
meet the challenge, the Chief of the National 
Resource Evaluation Center, the Chief of the 
Stockpile and Requirements Division, the Chief 
of the Resource Management Division, and the 
officials of several other offices and divisions 
could, under the leadership of the Director of 
the Office of Emergency Planning, present 
slnmg ami roea/iwgftj recontmemiatjons to 
other agencies of the federal government con- 
cerned with national security. 

Central Intelligence Agency. Created by 
the National Scainiy Act of 1^17 the Central 
Intelligence Agency has as Us principal purpose 
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the coordination of all the intelligence at livitics 
of Its o«Tt organisation as «eJJ as similar activi- 
ties of the several departments of the govern- 
ment. NaliiraUy, much of the work of this 
agcnc>‘ is classified and is not readUy avaibtJe 
to llie public. 

.-ifomir Etierpy Otmmhttnn. Tlie Atomic 
Energy .\tt of 19-16 created the Atomic Energy 
Commission. Tills Act as amended in 193-t sets 
forth llie purposes of the Commission and esUl>- 
lished in general as well as specific terms the 
nature of its activities and the areas svhereitlias 
jurisdiction. In essence the purpose of the Act 
was to bring control of nuclear energy under tlie 
juristHiction of the federal govcrtJinent so that 
this enormously important source of energy 
would be tised to serve the interests of national 
S6cunty, vivrlcl peace, and the general welfare. 
The Commission must be concerned with tiie 
use of atomic energy in the development of a 
sveapnns system, the use of isotopes in medical 
sdeticc and in industry, and llie allocation of 
nuclear fuels for use In the generation of elec- 
tricity, 

The Depnrtment of the Interior. Proliably 
no oilier single disidon of Uie federal govern- 
ment consltlering its areas of responsibility is as 
concerned with natural resources os it the De- 
partment of the Interior. In each office or divi- 
sion the routine activities of the staff may be 
concerned Hstl] the collection and publication 
of data that svill be useful to other agencies of 
the government os well as to the private sector 
of the national economy. Many of these offices 
and divisions of the Department must be ready 
with long-range plans for the future so that the 
Secretary can advise the President and the Con- 
gress on the resource sitiuUon in terms of 
national needs. 

Some of the divisions of the Department of 
the Interior that are vitally concerned with 
national resources include the Fish and Wddlife 
Service, Office of Mmeral Exploration, Office of 
Saline ^^’ate^, Office of Coal Ilesearch, Bureau 
of CoiJimerdal Fisheries, Bureau of Mines, the 
Geological Survey, National Park Service, 
Bureau of Beclamation. Bureau of Outdoor 
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llecrcation. and many others. The personnel of 
these jtgencieK, bureaus, offices, and services 
must maintain tlie joint attitudes of the custo- 
dian of the nation’s wealth and of the pl.-uiner 
concerned witli jhc nation’s welfare in the 
future. 

Other Apeneiea Concerned uith Kemurcet 
and the Salional ITel/iire. It b not appropriate 
here to list all the agencies of the federal govern- 
ment tliat arc concenied willi the material 
resmu'ccs of the country. The numerous agen- 
cies can be identified and listed by reference to 
the inanual previmuly mentioned.'® Other 
major divisions of the government-such as the 
Rural □ectrification Adminbtration, the Forest 
Service, the Soil Coaservation Service, llie Agri- 
cultural Stabilization and Conservabon Service, 
and otherr In the Department of .^gricsiltiire; 
the Corps of Engineers of the Department of the 
Army: tlie Coast and Geodetic Survey, the 
Weather Bureau, the Area Redevelopment Ad- 
ministration. Bureau of Puhhe Roa^ (Fig. 5}. 
and others in the Department of Commerce; 
and the Office of Naval Research In the Depart- 
ment of the Navy--are concerned svith re- 
sources for both the present and Uie future 
welfare of the nation. 

PLANNING IN THE PRIV.VTE 
SECTOR or THE ECONOMY 

In these limes of big government, big busi- 
ness, and big labor unions, planning for die 
future development and use of resources is a 
widespread concern of the people. The large 
corporations, whether they are primary creators 
of svealth as mining companies and lumber 
companies or whether they are involved in the 
later manufacturing processes such as the mak- 
ing of automobiles or cliemical products, must 
have both short-range and long-range plans for 
the future. In the larger firms a division may be 
assigned the responsibility of maintaining ade- 
quate reserves of raw materials so die parent 
company can continue in business over an ex- 






Fi^. 5 A view of (be major highwi)' connecting Kimet Oty. Miuouri (in Ibe baclgrouDd}. end 
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eoiBle^ Arzneo Sleel Cojpo7atii)n.J 


tended period of time. A petroleum company as 
a producer, a manufacturer of petroleum prod- 
ucts, and a distTibutor must cany on mare or 
less continually the search for new deposits. A 
firm using timber and other products of the 
forest must be prepared to utilize the resource 
fully and move on to other areas that have not 
been exploited or to adopt a scbedule of forest 
harvest and reforestation which will maintain 
the lumbering and wood-processing industries 
over a long period of time. On occasion the 
responsible olliaals m a company may yield to 


short-range goals to keep the firm in a competi- 
tive position, but at every opportunity the long- 
range plans of the company uiD receive care- 
ful attention. 

It is important that the federal government 
and the large resource-using industries carry ori 
research and planiung programs that are mutu- 
ally advantageous. The federal government can 
hardly be expected to develop an important 
fishery resource by restocking an area, by reduc- 
ing pollution, and by other means to improve the 
resource situation and then without restrictions 
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to pennit private enterprises who have little 
concern about tlie future to overfish the area 
and actually deplete a fishery that shouM be 
managed productively. The long-range Interests 
of the government ach'ng in behalf of all of the 
people and the commercial interest of a private 
company may be served by cooperation and 
mutual understanding. 

jVnlionnf Prohlemi That Lie AkeaiL Asthe 
United States Iws become increasingly an urban 
and industrial nation a number of proUems 
emerge that require attention. Many people 
have been eoncemed about the demand for 
additional rural lands to meet the needs of the 
urban communities for living space. Many man- 
(i/acturing plants are a part of the urbau sprawl, 
and extensive areas of agricultural land have 
been taken over to serve the needs of industry. 
Careful studies of this problem seem to indicate 
that higlily productive land is entirely adequate 
to meet the needs of the nahon for several 
decades for food, fibers, and other agricultural 
products. 

National and local concern about the con- 
tinued availability of adequate supplies of 
potable water and unpolluted air has focused 
attention on two problems that will require the 
attention of national, state, and local govern- 
ments in the Immediate future. As much as 97 
percent of the water of the eartli is in the sea. If 
potable, agricultural, and industnal water b to 
lie developed horn this source the desalmization 
program will have to be greatly expanded. In the 
immediate future the solutions to the problem 
of inadequate water suppLes will include greater 
storage of surface waters, reduction of poUution, 
filtering and processing water to make It reusa- 
ble, the reduction of waste in use, slowing the 
return to the sea, rediarging the aquifers, im- 
proving the cover and soak-ln in the headstream 
areas, and by other water-conserving ineas- 

' ' Abel Wbluuo, Ouirman el the SVtIer Beioum* Stedr, 
SVeler neiuurcn, Fuhlicatina lOOO-B, Nttiona] Artdein; of 
NelMUiaJ JlesfVE'b Ceuedl. IVashie^cm, IXC, 
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Primarily air is for breathing, hut it serves 
many other purposes as well. It is a .source of 
nitrogen for agricultiual and industrial use. 
Oxygen for medical and industrial purposes b 
derived from the air. Like water the air is the 
medium in which an Important mode of traas- 
portation is carried on. It is the pollution of the 
atmosphere that has attracted local, national, 
and international attention. The concentration 
of people and industry In closely settled urban 
communities has resulted in pollution. Both 
particulate and gaseoas materials are emitted 
from the stacks of fuel-using plants, from smelt- 
ers. factories, automobiles, and other producers 
of contaminants. 

The heavier particuJate materials may be 
removed from the air by gravity, but they may 
remain in the atmosphere for days and weeks, 
and under stable atmospheric conditions may 
become a part of the pal) of smoke or smog that 
han^ over many industrial communibes If the 
smog contains gaseous substances as well, the 
quahty of the air for breathing may be greatly 
diminished. 

In a 5<Iay period from Octolier 27 to Novem- 
ber 1. 1948, Donorn. Pennsylvania, expeneiiced 
the ill effects of a severe smog related to the out- 
put of pollutants by the local smelters and other 
fuel-using industries and to the stagnabon of the 
air resulting from a long-exteoded period of 
thermal inversion. Nearly 6000 people or 43 
percent of the total populaboo suffered from 
respiratory difficulty and 20 deaths in this period 
were caused by the high concenbalion of poDu- 
lants aod the extended period of an stability 
Many dties being in depressed areas where 
thermal inversion may develop can expect to lie 
confronted with the smog problem.’* 

The problem of air pollution involving belli 
the prevention of smog and tlie cleansing of the 
atmosphere may lie largely a state or local prob- 

Orrr CIlirK Sympoduin iponiored bv Ihe DfriUno 
af Ab PsIIutinn, t;.S. Xl^artinrnl of Hnllh. Education, 
m>i >M(are ud Uie A. Taft Sanilaiy Englnscrtng 

Center. Held November 0-7. IMt, Cincionati. Ohio (SEC 
TednScal Report AS24i). 
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lein, but llie federal government becomes an 
interested and responsible party because 
weapon-testing may result in dangerous fallout. 

INTEIl.NATIONAL CONTnOL OF 
NATDKAL nF.SOURCF.S 

Hie federal gos-emment by treaty and by 
other kinds of international agreements par- 
tidpales in the partial control of a number of 
resources. This is weH iHuslrated by the .Migra- 
tory Bird Treaty Act of 1918 (See Chapter 18). 

Beginning in I&IS and continuing at intm-als 
of 3 or more years, the United States has been a 
participant In a number of international agree- 
ments relab'ng to wheat. The United States isa 
major producer of wheat and certain readjust- 
ments in acreage allotments have been related 
in part to the establishntent of erport quotas and 
prices fiy the mcrnlwrs of the conference which 
draws up the terms of the International Wheat 
Agreements. The operation of the Acreage Re- 
serve Program of the Soil Bank of 19S7 is rebted 
to the problem of agricultural surpluses. 

Because of the danger of depleting an im- 
portant marine resource, the principal whaling 
Radons are row adherents to an intemattooal 
convention which limits the take of w hales in the 
Antarctic waters. Hie Internationa! ^\llaIing 
Commission meets at regular intervals and 
establishes quotas for the several signatory 
nations. 

As the United Stales participates increasin^y 
in intemational affairs it may be expected that 
agreements will be entered into inwHing ibe 
intemational control of other activities or mate- 
rials. In addition to wheat, coffee, sugar, seals, 
whales, migratory birds, and minerab, other 
resources are hkely to be subject to inlematioiial 
agreements. 

RESEARCH AND THE PROBLEM 
OF DIMIMSIILNG RESOURCES 

In the consen’ahon of the natural resources 
of the nation one of the great hopies of the future 
is the intensive search for the solution of Uie 
problems related to the eihaushon or decline of 


the material wealth long so abundant and easily 
available to us. Organized research must be 
1iroii{^t to bear upon lliis problem, and human 
talent must be mobilized so lliat the security of 
the nation will never be in doubt for want of the 
essential raw materials. 

/jidiridifaf ltei€^rch. It b traditiona] that 
the individual scholar at work in hb bboratory 
or In hb study represents scicnbGc progress in a 
free society. Scientists working alone in their 
bboratories or in the field have found ways of 
utilizing more fuHy or more cheaply our mate- 
rial resources. The scholar in bobbon has be- 
come rebtivety less important, but hb work 
should be encouraged and supported. 

InitustriaJ Re*etireA.*5 Many years cer- 
tain industries anxious to maintain their com- 
petitive position established research bbora- 
tories and employ ed a staff of scientbls to cany 
out their invesbgations. Initially the industnal 
research bboratories or divisions were largely 
concerned with practical problems related to the 
industry that supported them. But industrial 
research has become both practical and funda- 
mental. The findings do not always needtohave 
immediate and practical usefulness. At the out- 
set research carried on by industry was largely 
directed toward more economical manufacture 
of commercial products or the development of 
new and better products. 

Some of the best-known industrial research 
organizations include the Research Labora- 
tories Division of General Motors Corporation, 
the General E3ectnc Research Lnboratones. the 
chemical, development, and engmeering de- 
partments of the £ I. du Pont de Nemours & 
Co.. The Standard OJ Development Co . 
Monsanto Chemical Company, the Mellon In- 
stitute, the BatteDe Memorial Institute. .Arthur 
D. Little, Inc., and many others. These research 
organizations have become mcreasingly im 
portant in the industiia] progress m the Umied 

“John H. GriblAi. John IL tai Sue Singer Kiogfu*. !’'■ 
Autnal Reteanh t^ttvrnlorie* of 0\€ Statetr 

Qevenlh Editioii, PubKcatioo S+1, NetioDii! Ac»d«nr of 
Sornces. Naliofui Be«earch Council. Washmglon. OC~, 
1960. 



National Planning and the Conservation of Resources 
States. Research activities have moved forward 
from the restricted objectives to more comptO' 
hensive programs. Better products for the ulti- 
mate consumer remain important, but reseandi 
is being directed toward the solution of the raw 
materia] problems. Tlie beneficiation of low- 
grade ores is an important developmertt and 
indicates the dnection of research in the field of 
natural resource utilization. The recovery of 
aluminum from common clays and other alumi- 
num-bearing minerals is a research enterprise of 
major importance. The transformation of the 
rubber industjy as a xp-sull of the loss of access 
to adequate supplies of natural rubber ts a 
notable example of the capacity of American 
industry to solve a raw material problem. 

In the field of industrial research integraUoo 
can be achieved for the reason that government- 
sponsored programs have been alloented to 
those reseat^ foundations or organizations best 
qualified to carry on the investigations Con- 
tinually there emerge from the industrial labora- 
tories achievements which the Nabonal Security 
Resources Board can examine and appraise in 
terms of the needs of the nation. 

Research In ColUfes and Vnireniiit*. 
Research in the major educational institutions 
of this country has been ovenliadowed by the 
great industrial research organizations. In fact 
research in the universities is in many instances 
indistinguishable from the research in industiy. 
hfany universities receive support from indus- 
try for their research programs, aod generally 
the acluevement of practical results is a major 
objective. In the univenitics there can be a 
detachment that is conducive to long-range 
research of fundamental character vs here prac- 
tical appb'cation is not immediately envisionecl. 
Tlie universities are peculiarly well suited for 
this type of research. 

It is appropriate that certain research pro- 
grams in the universities should be concerned 
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With tlie many aspects of the resource problem. 
In the physical and biological sciences, in politi- 
cal science, and in economics both the scientific 
and the social aspects of oatutal resources may 
be investigated witli scholarly objectivity. 

Tlie Gceemmenl and Research. The federal 
government and to a lesser extent states and 
munidpalitles have conducted and supported 
research activities over a long period of time. 
Diuing World ^Vaf 11 and in the postwar period 
research in agencies of the federal government 
has been greatly expanded. In a similar manner 
researdj in Vie universities and in private re- 
search organizations has been generously sup- 
ported by the federal government. Much of the 
research is related directly or indirectly to the 
problem of national security and in one way or 
another is concerned with the resource situation 

The Agricultural Ei^seriment Stations, the 
Bureau of Mines, the Soil Ckmvervation Service, 
the Bureau of Animal Industry, the Forest 
Service, the regional Uboratones and tlie Agn 
cultural Research Center of the Deportment 
of AgncuJture, the ODice of Naval Research, the 
Research and Development Board, and many 
other bureaus and agencies of the federal gov- 
emment ore devoted to research programs 
ubeb wifi lead eventually to a wuer use of our 
basic resources 

In a nation of diminisliing material resources 
there are still new frontien to be explored New 
lands are no louger available to cliallenge the 
pioneering spirit of tlie youth of America, Imt 
the new bontiers of saence present an oppor- 
tunity for adventure and achievement for those 
who would serve the need.s of their country. 
Throu^ die resourcefulness of the people in 
mabug a full and apjiropriate use of the more 
abundant materials, a hi^ standard of living for 
the people and security of the nation can be 
achieved. Out of the materials of the earth 
people create resources. 
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Ca^bydrete*. 160. 161. 162 

Carbonates. 62 
Carboaalo *(ne. W 
Caroante ores. 385 
CaroUna parmioet. 365 
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Cascade Water Cap. 280 

Cue,des.2(n.264 
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Ocvelmd. Olio. 243. 280. 439 
dimale. 180 
Cllmalle reginni. 498 
Climas vegeutkin. 161 

ChHhlnt!,31, 133. 444 

Cloud aradisg. 119 



520 


Indn 


Cc-1. 253. 262. 271. aSl. K2. 35J- 
385. <96,305 
Cool dadfiaUm. 356 
Coal couervatkm. 382-0@ 
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